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THE OCTOBER MEETING OF THE AMERICAN 
MATHEMATICAL SOCIETY. 


THE one hundred and fortieth regular meeting of the Society 
was held in New York City on Saturday, October 31, 1908, 
extending through a single morning session. The atteridance 
included the following twenty-one members : 

Professor E. W. Brown, Professor F. N. Cole, Miss E. B. 
Cowley, Miss L. D. Cummings, Professor L. P. Eisenhart, 
Professor T. S. Fiske, Professor Edward Kasner, Mr. W. C. 
Krathwohl, Professor James Maclay, Mr. H. F. MacNeish, 
Professor G. D. Olds, Professor W. F. Osgood, Mr. H. W. 
Reddick, Mr. L. P. Siceloff, Professor D. E. Smith, Dr. Elijah 
Swift, Professor H. D. Thompson, Professor J. M. Van Vleck, 
Professor Oswald Veblen, Professor H. S. White, Professor J. 
K. Whittemore. 

The President of the Society, President H. S. White, occu- 
pied the chair. The Council announced the election of the fol- 
lowing persons to membership in the Society : Professor J. A. 
Brewster, St. Angela’s College; Professor W. H. Butts, Uni- 
versity of Michigan; Dr. C. F. Craig, Cornell University ; 
Professor T. A. Martin, Mt. Union College ; Professor M. T. 
Peed, Emory College ; Mr. G. E. Roosevelt, New York, N. Y. ; 
Mr. L. M. Saxton, College of the City of New York. Four 
applications for admission to membership in the Society were 
received. 

A list of nominations of officers and other members of the 
Council was adopted and ordered placed on the official ballot for 
the annual election at the December meeting. 

It was decided to hold the annual meeting at Baltimore, on 
Wednesday and Thursday, December 30-31, in affiliation with 
the American association’ for the advancement of science. 

The following papers were read at this meeting : 

(1) Professor R. D. CanMIcHAEL: “ On the theory of func- 
tions of a triple variable.” 

(2) Professor R. D. CARMICHAEL: “ Notes on the simplex 
theory of numbers.” 

(3) Professor Epwarp Kasner: “Conformality and func- 
tions of two or more complex variables (second paper).” 

(4) Professor G. A. MILLER: “On the groups generated by 
two operators satisfying the equation s,s, = s%s°.” 
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(5) Professor E. B. Witson: “The number of types of 
collineations.” 

(6) Dr. Frank Irwin: “The invariants of linear differ- 
ential expressions.” 

(7) Dr. A. E. Lanpry: “A geometrical application of 
binary syzygies.” 

Dr. Landry’s paper was communicated to the Society 
through Professor White, Dr. Irwin’s paper through Professor 
Veblen. In the absence of the authors the papers of Professor 
Carmichael, Professor Miller, Professor Wilson, and Dr. 
Landry were read by title. Abstracts of the papers follow be- 
low. The abstracts are numbered to correspond to the titles in 
the list above. 


1. In this paper Professor Carmichael defines a system of 
triple numbers (an extension of ordinary complex numbers) and 
introduces functions of a triple variable thus defined. For these 
numbers all the formal laws of operation of ordinary complex 
algebra are found to hold. It follows then from a well-known 
theorem that the zero préduct theorem cannot hold in its gen- 
eral form; but it turns out that only a slight modification of 
this theorem is necessary and that, with the small exceptions to 
which this gives rise, algebraic operations with these triple 
numbers may be performed as with ordinary complex numbers. 

In particular it is found that the Cauchy and Laurent ex- 
pansions hold practically without modification. It becomes then 
a simple matter to write out the properties of holomorphic func- 
tions-of this triple variable through their analogies with those 
in the function theory of ordinary complex numbers. 

Numbers and operations in this triple system have a geomet- 
rical interpretation in relation to space as those in the complex 
system have in relation to the plane. 


2. Professor Carmichael’s second paper consists of three 
notes : 

I. The first deals with the factors of the continued product 
of an arithmetical series of integers. A formula is found for 
the highest power of a prime p contained as a factor in this 
product. Some simple forms for special cases are worked out. 

II. This note deals with an extension of Fermat’s theorem, 
and a new function M(a) of an integer a is defined. Its values 
for every possible a = 250 are tabulated. 
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III. This states briefly a method for finding all the solutions 
of $(z) = a, where $(z) denotes the totient of a. 


3. In a paper presented at the summer meeting of the Society 
Professor Kasner discussed the group of transformations de- 
fined by pairs of analytic functions $(z, w), W(z, w) of two in- 
dependent complex variables z= z+ iy, w= x’ + ty’, which 
were regarded as representing a point in four-dimensional 
space. In the present paper the variables z,w are taken to 
represent an ordered point pair or vector in the plane. The 
vector transformations which then arise are characterized by 
this property: If any three neighboring vectors are so situated 
that the infinitesimal triangles formed by their initial and 
terminal points are similar, the same is true of the transformed 
vectors (the new triangles are then necessarily similar to the 
original triangles). Extensions to n variables and to conjugate 
variables are easily made. 

The results are applied to Poincaré’s generalization of the 
Dirichlet problem (Palermo Rendiconti, 1907). As a supple- 
ment to Poincaré’s discussion of three-dimensional varieties, it 
is shown that not all two-dimensional varieties are equivalent. 
Finally the linear transformations which appear in Picard’s 
theory of hyperfuchsian functions are shown to admit of simple 
interpretation. 


4. It is first pointed out by Professor Miller that all the groups 
of genus zero belong in the category discussed. He then takes up 
the relation s,s, = s3s°, first studied by Cayley in 1878 and more 
recently by Netto in 1905, and greatly extends their results. 
Among the new theorems proved are the following: If two 
operators of order 6 satisfy the condition s,s, = s3s?, the order 
of s,s, cannot be odd unless one of these operators is the inverse 
of the other. When 3,8, is of order 2, 4, or 6, the groups gen- 
erated by s,, 8, have orders which divide 24, 192, or 648 respec- 
tively, and they may actually have these orders. If two oper- 
ators of orders 4 and 6 respectively satisfy the condition 
8,8, = 8387, they generate a group of order 48 involving the 
direct product of the alternating group of order 12 and the 
group of order 2. The quotient group of this group of order 
48 with respect to the subgroup generated by the cube of the 
operator of order 6 is the symmetric group of order 24. If two 
operators of orders 4 and 12 respectively satisfy the condition 
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8,8, = 8387, they generate a group of order 96 involving the 
quaternion group as a characteristic subgroup. 

The most important results obtained relate to the case where 
the two generating operators of a group satisfy the relation 
8,8, = 8;°s;*. It is first proved that either two such operators 
must have the same order or the order of one is three times that 
of the other. Moreover, the order of s,s, must be odd, and the 
following relations are always true (s8,8,)° = 8383, (s,8,)"' = 
By means of these relations a number of special cases can 
readily be considered. Some of these special results are ex- 
pressed in the following theorem: If two operators of order 6 
satisfy the condition s,s, = s$s*, they generate one of the following 
groups: the cyclic group of order 6, the direct product of the 
group of order 2 and the non-cyclic group of order 9, the met- 
acyclic group of order 42, or a group of order 126 involving 
an invariant cyclic subgroup of order 21. 


5. In a short note, which has since been published in the 
Jahresbericht der deutschen Mathematiker-Vereinigung, on the 
number of types of collineations, Professor Wilson tabulates the 
number of types of non-singular collineations, classified accord- 
ing to the different systems of elementary divisors, when the 
number of homogeneous variables is twelve or less. It is found 
that the number of types is nearly doubled on passing from one 
dimension to the next higher throughout the range of dimen- 
sions here considered. 


6. Dr. Irwin’s paper deals with linear differential ex- 
pressions of the nth order, both ordinary and partial, and their 
invariants under (1) change of dependent variable, (2) multipli- 
cation by a function of the independent variables, (3) change of 
independent variables. Cockle, in the Philosophical Magazine, 
1870, handled the problem, for an ordinary differential equation 
under change of dependent variable, u = y-7 by reducing the 
equation to a “canonical” form in which the coefficient of 
the (n — 1)st derivative vanishes. If A be any coefficient of 
this canonical form, then A/y is a rational invariant, as well 
as y—'d'A/d’, and any invariant can be expressed as a func- 
tion of these invariants. The writer finds that this method 
may be applied, with parallel results throughout, to ordinary 
differential expressions under change of independent variable. 
But, further, the attempt to apply the method to partial dif- 


| 
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ferential expressions under change of dependent variable leads 
to results. Here we get for y the equations 0 log y/dz,= K,, 
the K’s being functions of the coefficients of the given differen- 
tial expression, equations that are solvable only if the invariants 
0K,/Ox,— 0K,/0x, vanish. Nevertheless, if we calculate the 
higher derivatives of y from Oy/Ox,= Kap in any manner 
whatever and substitute in any coefficient A of the transformed 
differential expression, A/y will be an invariant. We also 
have invariants analogous to the invariants y~'d'A /dy' of ordi- 
nary differential expressions. 

Lastly, the possibility of making a differential expression of 
the second order self-adjoint by multiplying it by a function 
of the independent variables is found to depend on the iden- 
tical vanishing of an expression covariant for all three trans- 
formations. 


7. Given a curve J+” of order m + 1 and having an m-fold 
point, and a fundamental involution J?7”—' set up thereon, the 
problem dealt with in Dr. Landry’s paper is how to de- 
termine other curves, of the same type and with the same 
multiple point, which intersect the given curve either at the 
base points of the J{"~' or in sets of points given by covariants 
of the form which vanishes for the base points. 

Let it be required to find the curve which intersects the 
J+" at the vanishing points of a C,,. If we use homo- 
geneous coordinates 2,, 2,, 2, and place the multiple point at 
the vertex (1, 0, 0) of the reference triangle, the equation of the 
will be 


where C,, ,, is the canonizant of the fundamental form C, »,_;. 
The sought curve will have an equation of the form 


r,n—m ; 
and on eliminating x, we find that the intersections are given 
by 


n—m — 0, 
that is, we must have identically 
Cy = C,, n—m—1 ~~ Ch, n—m > 


so that the problem leads to a syzygy among the covariants of 
the fundamental form. 


| 

| 

| | 
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Next, the form of the invariant multiplier is investigated, 
and it is shown that the eliminant of C,,,, and C,,,,, is a 
perfect mth power, of which J,,,_, is the mth root. Lastly, 
the special cases of the quintic and septimic are discussed. The 
first case is treated exhaustively ; for the second, on the other 
hand, only a summary of the main results obtained, without 
proofs, is given. 

The paper will be published in the Proceedings of the Ameri- 
can Academy of Arts and Sciences. 

F. N. Coxe, 
Secretary. 


ON THE GROUPS GENERATED BY TWO OPERA- 
TORS SATISFYING THE CONDITION s,s, = 


BY PROFESSOR G. A. MILLER. 


(Read before the Southwestern Section of the American Mathematical 
Society, November 28, 1908). 


§1. Introduction. 


REMARKABLE general properties may easily be proved as 
regards the system of groups generated by two operators s,, s, 
which satisfy the condition expressed by one of the following 
pair of equivalent equations: 


= 262 
= = 8 81 - 


From the facts that (s,8,)’ = 8,8,8,8, = 8;'s;" = (8,8,)-' and that 
8,8, is of the same order as 3,3,, it results that the order of 8,8, 
is an odd number. From the same equations it follows that 
s,s, is transformed into a power of itself both by s, and by s,, 
and hence the cyclic group generated by s,s, is invariant under 
the group G@ generated by s,, 8, As G is generated both by 
8,8,, 8, and also by s,8,, 8, it results from the preceding sentence 
that if 8, is the ‘lowest power of s, which occurs in the cyclic 
group generated by 8,8, it is necessary that s,* is the lowest 
power of 8, occurring in this group and vice versa. Moreover, 
if s, is commutative with (s,s,)" the following equations are 
satisfied : 


(8,8,)" = (8,,)" = since (8,8,)°= = 


| 
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As similar remarks evidently apply to s,, we have proved the 
following theorem : 

If two operators satisfy the condition 8,8, = s;*s~*, either they 
are of the same order, or the order of one is three times that of 
the other. 

§ 2. Powers of 8,8, and 8,8,. 


The following equations may readily be verified : 


(8,8,) 
From the last of these it follows that 


(8,8,)" = 8;(8,8,)"8; 
Combining this equation with (s,8,)’ = s¢s;, there results the for- 
mula (8,8,)"*? = 8i(8,8,)"s,. By giving n successively the previ- 
ous values of 4n + 2, we arrive at the equations 


29 


8,8, = 88,8; = 8; 8,8, 8) 


(8,8,)° 8183, (8,8,)° 818%, (s,8,)” sis), 818), 


etc. In general, it results by induction that 
(4) 


Since 4" = 1 mod 3, it follows that 3 (4" — 1) is always an even 
integer, hence it must be divisible by double the order of 3,3, 
whenever the orders of s,, 8, divide 2m. In particular, if the 
order of each of the operators s,, 8, is 4, Gis the metacyclic 
group of order 20.* 

In a similar way it is easy to find general formulas for 
powers of s,8,, as follows : 
(8,8,)° = 8,8,8,8,8,8. = 8,8; '8; '8, = 8182; 

(8,8,)* == = 87 - 8,8, 
Hence 
(8,8,)" = and 87(8,8,)"8 

As before, we assign to n successively the values obtained from 
the form 4” — 1 and thus arrive at the equations 

(8,8,)° = = 8182, (8,8,)"° = 81825 (8,8,)'" = 8183» 
etc. The general formula, which may easily be proved by in- 
*Cf. Netto, Orelle, vol. 128 (1905), p. 254. 
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duction, is 


Since 34"+4 = 4" — 3(4"— 1) = 4"— an odd integer, it is 
clear that the exponent 8,8, is odd for every value of m in this 
general formula. That is, formula A exhibits a relation be- 
tween the products of even powers of s,, s, and even powers of 
s,8,, While formula B is restricted to odd powers. 


§ 3. Conclusion. 


From the Introduction and formulas A, B it results that 
the order of G is a finite number whenever the orders of 3,, 8, 
are finite ; and that all the operators of G may be represented 
in the form s%(s,s,)°. It is, however, not always possible to 
represent these operators in the form s%s$, as is evident from 
the metacyclic group mentioned in § 2. Suppose that s,, s, have 
the same order prime to 3, and let ¢ be an operator of order 3 
which is commutative with each of the operators s,,8,. Ass, 8, 
satisfy the condition s,s, = s;*s;’, it is evident that s,, s,f =, 
satisfy the condition s,t, = ¢;*s;* and that they generate a group 
whose order is three times that of G. This illustrates the fact 
that the order of one of the two operators s,,8, may actually be 
three times that of the other, and hence the theorem at the end 
of § 1 relates to actual cases. As (8,8,)° = 8,8,8,8,8,8, = 87'8;'s,8, 
and the cyclic group generated by s,s, is invariant under G, it 
results that the third power of every operator in the cyclic group 
generated by 8,8, is a commutator of G and all the commutators 
are such third powers. Similar remarks clearly apply to 3,8,, 
and this theorem could be deduced from the results proved in 
$1. 

It may be of interest to observe the analogy between the case 
under consideration and the relation s,s, = sjsi, which was 
studied by Cayley * as early as 1878 and by others} more 
recently. Although this relation has received considerable at- 
tention yet it has given rise to only a few theorems of general 
interest and it presents many diffiulties which have not yet been 
overcome. On the other hand, the relation s,s, = s7*s;? gives 
rise to a number of general theorems and restricts G to a well- 
known category of groups. In each case the orders of s, and s, 
may be equal to each other. If they are unequal the order of 


* Messenger of Mathematics, vol. 7 (1878), p. 188. 
t Cf. Netto, Crelle, vol. 128 (1905), p. 251. 
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one must be an odd number while that of the other is twice 
this odd number when 8,8, = 83s; ; but when 8,8, = s;7s;° it is 
only necessary that the order of one is three times that of the 
other. 


UNIVERSITY OF ILLINOIS. 


THE TEACHING OF MECHANICS. 


An Elementary Treatise on Theoretical Mechanics. By J. H. 
JEANS. Ginn and Company, 1907. viii + 364 pp. 
THERE are few topics in elementary mathematics that are 

more generally mishandled by the writers of our text books than 

Newton’s three laws of motion. Perhaps it would be more 

accurate to say that the applications of the laws are generally 

misunderstood and that consequently the exponents of axioms 
which form the foundation of the mathematical science of me- 
chanics rarely fail to make some fundamental error which des- 
troys at the outset any hope of a logical development of the 
subject. The worst cases generally occur in the books which 
are published under the title “‘ Physics.” It frequently happens 
that the authors have not mastered the meaning of the laws ; 
more frequently they show a want of care in their statements 
and explanations. In either case the effect on the student must 
be the same —a nebulous conception of the whole subject and 

a general impression that one can get along perfectly well in 

physics or engineering without bothering to understand what 

facts are directly observed and which can be deduced from the 
laws of motion. A man who wishes to rise to the higher levels 
of these professions must know such matters. 

Perhaps it will not be altogether out of place to insist here 
on some points in the teaching in this country of applied ma- 
thematics or mathematical physics, whatever be the name we 
like to give to the science which concerns itself with the appli- 
cation of mathematics to problems in which space, time, and 
matter are supposed to be related by certain definitely stated 
laws. At the outset, the subject is a “ pure” science in exactly 
the same way that pure mathematics is so, in that it rests solely 
on definitions and axioms which have no necessary relation to 
the phenomena of nature. Every problem attacked is an ideal, 
not an actual problem. The statement of the ideal problem 
must conform to the laws laid down if it is to fall within the 
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province of the subject. In order that a real physical problem 
may be treated by the science, it is necessary that the laws of 
the science should be the same as the laws which govern the 
phenomena of nature. Here the “application” comes in. We 
frame the laws of the science in such a manner that we may 
imitate as far as possible the laws which are supposed to govern 
natural phenomena. In this way we may logically develop 
the subject_and, at the same time, coordinate our experiences of 
nature. If we find that the conclusions of an ideal problem, 
correctly worked out, differ from the solution furnished by ex- 
periment, we must, if the “ application” is to be maintained, alter 
the laws of our science. The ideal solution was correct but the 
‘application ” was wrong. 

As matters now stand, we have therefore three subjects to 
consider: pure mathematics, physics (neither of which it is 
necessary to define here) and that ideal science for which I shall 
use the English term, applied mathematics. In the United 
States applied mathematics has been almost entirely treated as 
a department of physics. It has not been considered as a sci- 
ence in itself, but only in so far as it was useful to physics. 
The backwardness of its development here would seem to be 
largely due to this view. It has usually been taught by the 
experimental physicist, and the pure mathematicians have 
neglected it. And yet, as a science based on exact definitions 
and axioms, the pure mathematician is better equipped to teach 
its elements than the physicist, who is obliged to concentrate 
much of his attention on natural phenomena. However this 
may be, some reconstruction of our methods is necessary if we 
are to have our share in the developments which are taking 
place elsewhere. We cannot hope immediately to reach the 
ideal condition in which every worker in physics has received a 
thorough training in applied mathematics, but we can recognize 
the defects of the present system and make a start towards 
their elimination. 

Professor Jeans has grappled with the difficulty in his book. 
It has hitherto been expected that in a single course on statics 
and dynamics the student should be led from the elements of 
the subject, at least as far as the applications of Lagrange’s 
equations, and this without a very extended knowledge of the 
calculus. With the average student, whether his main study 
be physics or mathematics, this is scarcely possible, In most 
of our colleges and universities we recognize the necessity of 
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first and second courses in calculus and one can hardly hope for 
equal efficiency in the study of mechanics without a similar 
method of procedure. If the school courses in physics were 
replaced by courses in elementary mechanics — the foundation of 
all physical theories —or if the same courses were laid out more 
with regard to the theoretical than to the experimental side, it 
would not be difficult to give the student a sufficient grasp of 
mechanics in a succeeding year’s work. As a matter of fact, 
the experiments in a first course on mechanics can be almost 
entirely replaced by illustrations drawn from the ordinary phe- 
nomena of daily life in which every boy takes an interest, and 
he would learn much more surely the meaning and application 
of the laws of the subject than by using or looking at carefully 
constructed pieces of apparatus designed to illustrate special 
points. As long as the elements of mechanics are simply con- 
sidered as an adjunct of physics and not as the basis of a sci- 
ence governed by exact laws, so long will there be an absence 
of any real development of applied mathematics. There are not 
short cuts to the higher branches of these subjects any more 
than there are to those of pure mathematics or of any other 
progressive science. The principles must not only be under- 
stood but thoroughly absorbed and used by the student for the 
solution of problems. As suggested above, this might be 
effected, partially at least, by inserting amongst the college 
entrance papers one on mechanics as the best introduction to 
the college courses in physics, the treatment being similar to 
that given in the numerous elementary text-books on statics 
and dynamics used in the English schools. 

We have however, to deal with conditions as they are, and to 
consider how far Professor Jeans’s book goes towards meeting 
them. It starts with the elements— kinematics and the laws 
of motion —and closes with the motion of a top, Euler’s and 
Lagrange’s equations, and Hamilton’s principle. The main por- 
tion is undoubtedly a success in giving as rapid a development 
as can be expected. But in Chapters XI, XII the transi- 
tion to the motion of a rigid body and to abstract dynamics is 
made with a jump which can hardly fail to leave the student 
behind. One receives the impression that these chapters have 
been inserted to satisfy the demands of the physicists, since 
their higher courses require the use of Lagrange’s equations and 
generalized coordinates. 

To come to details, the first chapter on kinematics is made a 
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little hard for the beginner owing to the methods by which vec- 
tors and centroids are introduced ; the mathematical parts of 
these might have been omitted or left until a later stage. In 
the second chapter, the laws of motion are clearly and gccur- 
ately stated, and the deduction of the fundamental equation of 
dynamics 


P=mf 


(where P is the force which produces in a mass m an acceler- 
ation f) is made in such a manner as to show its importance for 
the whole subject. In the following chapter the experimental 
laws of extensibility of a string and of friction between two 
surfaces are stated, so that materials are at hand for the solution 
of many problems which bear a close relation to those found 
in nature. The selection of these problems is well made. The 
author has avoided the insertion of many examples in which 
the difficulties are chiefly mathematical, although he does not 
forget that the student has to be taught the application of mathe- 
matics to physical problems. One is only too familiar with de- 
vices for avoiding the use of mathematics — the laziness which 
takes the most pains. 

Chapter V is somewhat difficult and might have been ex- 
panded, without adding to the length of the book, by cutting out 
some of the numerous determinations of centers of gravity 
given in the following chapter. The applications to problems 
of couples and forces in three-dimensional space are not easy to 
teach, while the idea of center of gravity is simple and is gener- 
ally possessed by the student beforehand. One of the best 
expositions is that on work and energy, leading to a discussion 
of stability. 

In the problems illustrating the motion of a particle under 
special forces, it is useful to find that motion under gravity is 
fully treated and that central forces, interesting as they are for 
the astronomer and the mathematician, are only given in suffi- 
cient detail to show how the laws of motion and that of gravi- 
tation are applied to the motions of the planets. Some advan- 
tage might have been gained by placing together the three 
principal methods of expressing the velocities and accelerations 
of a particle moving in one plane. 

Fifteen years of attempts by the writer of this review to 
cover ground similar to that given in the first three hundred 
pages of this volume, with various text-books, occasionally 
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without a text-book, and finally one year with Professor Jeans’s 
book, convey a strong impression that the last, so far as he 
knows, is the best adapted to the needs of the American stu- 
dent ynder present conditions. That constant assistance and 
explanation will be required from the instructor is no defect ; 
these are expected in the class-room, especially in a subject 
where the best results can only be obtained by outside work on 
the part of the student in the solution of problems and subse- 
quent demonstration by the instructor. The few criticisms 
made here are on points not essential for the successful use of 
the book. Accuracy of statement is one of its chief and most 
pleasing characteristics. It is also well printed, and there is 
an absence of the too numerous varieties of type, designed like 
the headlines of a yellow journal to draw attention, which dis- 
figure so many modern text-books. 

The author is to be congratulated on a real advance towards 
the solution of the problem of introducing a first course in the 
teaching of mathematical physics in American colleges and 
universities. 


Ernest W. Brown. 
YaLe UNIVERSITY. 


ECONOMICS. 


The Nature of Capital and Income. By Irvine FisHEer. New 
York, The Macmillan Company, 1906. xxi + 427 pp. 

The Rate of Interest. By Irvine FisHer. New York, The 
Macmillan Company, 1907. xxii + 422 pp. 


OnE might almost say that, directly or indirectly, consciously 
or unconsciously, everybody is forced into intimate and vital 
relation with a large portion of the body of facts with which 
economics deals, and hence one might infer that the study of 
economics in one way or another cannot fail to be of interest 
to most rational beings. As an art, economics is of hoary anti- 
quity ; as a domain of thought, recognized, delimited, and dig- 
nified with a special name, it is relatively modern; as a science, 
it is but in its infancy. Strictly speaking, it comes into close 
relation with mathematics only as it becomes a system of deduc- 
tion ; and in so far as it may have advanced to the deductive 
stage, it is mathematics. Of the authors who have materially 
contributed to the inclusion of their chosen science of economics 
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among the rapidly growing number of mathematical disciplines, 
Irving Fisher, himself at first a mathematician, is one of the 
most eminent; and his recent works in economics, The nature 
of capital and income and The rate of interest, although written 
in a style essentially adapted to the comprehension of a wide 
range of general readers, merit more than a passing notice at 
the hands of mathematicians. 

To us who are professionally accustomed to deduction, who 
must intuitively fee] a definition and a proof even when we do 
not explicitly state them, who instinctively seize upon an omis- 
sion or an error in logic and immediately become perplexed and 
sceptical, the reading of the usual treatises on economics can 
give but slight logical satisfaction. What are the undefined 
symbols? What the postulates? What the inferences as dis- 
tinguished from the presumptions? The authors do not say, 
perhaps they could not tell, very likely they do not appreciate 
what those words mean to us, or even feel aggrieved or scornful 
at our asking. In rare instances, as in the classic treatise of 
Mill or the brilliant chapters of Hadley, the style of the author 
will carry the reader along and force at least a temporary con- 
viction, much as a fine poem will convince. It is really not a 
case of demonstration. An equally habile stylist taking a dif- 
ferent, perhaps a contradictory view will produce the same 
effect. Then if the reader, at a loss between the two, should 
search for a foundation from which he might build up to sure 
conclusions to match against those of either side, he would find 
that the foundations were precisely the only missing parts of 
all these admirable structures. 

So long as the literary attitude prevails, a good style will 
cover many an economic sin while uncovering a multitude of 
graces —a bad style will but uncover the sins and mask the 
graces. Fundamentally there is little difference. Fortunately 
economics is advancing toward the scientific state and some 
writers are forcing themselves to adopt a scientific style. We 
have only fo turn the pages of such a treatise as Pareto’s Cours 
d’économie politique or his article in our Encyklopidie to find 
a presentation of the subject with definite foundations and clear 
deductions therefrom. The premises may not be stated, 
perhaps as yet cannot well be stated, with the completeness 
and accuracy attainable in the theories of number or geometry 
—no more are the premises of mechanics or of physics — but 
the scientific training and attitude are there, and their accom- 
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plishments are already great. If I might be pardoned a per- 
sonal observation, I would say that I had read or labored 
through much economic literature only to become the more be- 
wildered until I came across the writings of Pareto. And 
now that it is seen that economics can be not merely clear and 
convincing (a matter of style) but logical as well (a matter of 
scientific method), perhaps there is still some hope for meta- 
physics or at any rate for epistemology. One after another the 
different domains of research seem to be creeping out of the 
twilight zone of campaign oratory. 

One of the essential characteristics of the two books under 
review is this striving for definiteness of hypothesis and defini- 
tion, for thoroughness of deduction, And that this fact has 
not been lost to the economists themselves may be illustrated 
by a few short quotations from as many reviewers. ‘The 
most scientific discussion of this subject in any language.” 
“No treatment so lucid, so scientific.” ‘It is characterized 
by a certain scientific hard-headedness which is not always 
found now-a-days in writings upon capital and allied subjects ; ” 
when was it? ‘It seems logically impregnable.” “Lucid 
and tenaciously logical.” ‘ His concepts and definitions have 
all the exactness of a textbook on mechanics.” This last, as 
we shall see, is essentially right; but unless its writer had in 
mind some one of a very few texts on mechanics, his statement 
will probably not appear to us so unqualifiedly a recommendation 
for logical perfection as he may have imagined. It is a pleas- 
ure to see that entirely apart from the recognition of the excel- 
lent economic doctrine which Fisher’s new work contains, 
there is a general appreciation and approbation of the spirit in 
which the work was accomplished. 

The first two chapters of The nature of capital and income 
take up the definitions of wealth and property-rights. Accord- 
ing to the author, wealth and property (short for property- 
rights) are correlative terms ; wealth being the concrete material 
thing owned, property the abstract right of ownership. These 
definitions are carefully explained and compared with the defi- 
nitions or lack of definition of other writers. There is the frank 
acknowledgment that the definitions include more than is some- 
times included owing to the fact that no specification that wealth 
or property shall be confined to exchangeable objects is made. As 
a partial justification, it is stated that: In definitions, it is usually 
better to include too much rather than too little. This gener- 
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ality has some glitter to it and might better have been omitted. 
What the author meant appeared fairly clear at first blush and 
in the surrounding context, but even the semblance of meaning 
vanished some twenty pages later when, to emphasize the word 
material in his definition, he stated: There is no advantage, 
but much disadvantage, in including any immaterial elements 
in wealth. This is perhaps a small point on which to raise 
an objection and it may be dismissed with the hope that readers 
will not notice it ; logical purism is a very special art and sci- 
ence, and appeals little to any but the purist himself. The fact 
is that the author chooses to include in his definitions some 
things that are usually not included and to exclude from them 
some things which are not always excluded; and his choice 
seems to be happy. Wherever he confines himself to exposi- 
tion and to marshalling facts, his style is a model of clearness 
and his array a marvel of tactics. 

On pages 26 and 27 there is an illuminating table of a large 
number of articles of wealth with the correlative property-right. 
There is also given the name of the corresponding evidence or 
certificate of ownership. Thus a dwelling, the right of the tenant 
to use it, and the lease, or a railway, the right to a trip, and the 
ticket are examples of wealth, property, and certificates. A 
question, which the text does not seem explicitly to answer, 
arises to the mind. What is the certificate? In particular, is 
it wealth? Apparently it is material, apparently it is owned, 
apparently it is wealth according to the definition. Is then the 
evidence of the ownership of wealth to be classed as. wealth 
itself? Let us take an example. Suppose I carelessly drop a 
gold double eagle from the deck of a vessel into the mid-Atlan- 
tic. A definite amount of wealth is apparently destroyed ; for 
although the material remains, the ownership by any human 
being has disappeared. Suppose it had been a treasury gold 
certificate for $20 which had fluttered overboard. This material 
thing has been lost, my certificate of property is gone, but the 
wealth, namely, the treasury’s reserve gold against the certifi- 
cate, remains. Has any wealth been lost? If we answer No, 
then thé certificate could not have been wealth except qualita- 
tively: for the quantitative coefficient would be 0. If we 
answer Yes, then the loss is that of a rectangular piece of paper 
in which are imbedded a few silk threads and upon which are 
impressed sundry shades of ink. And this, I take it, contains 
the answer to the question. The certificate is wealth of a cer- 
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tain sort and represents wealth or a right to wealth of another 
sort. 

After thus settling our question in a way which is perhaps 
satisfactory and perhaps not, a reopening of the whole matter 
appears advisable when the matter of price and value is taken 
up. ‘To get at a definition of price the author restricts himself, 
at any rate at first, to wealth. If the quantity of wealth A is 
exchanged for the quantity of wealth B, the price of A in terms 
of B is the ratio B/A and the price of B in terms of A is the 
ratio A/B. Price is therefore a ratio of exchange. Value is 
the product of price by amount. Price and value as applied to 
property-rights do not seem to be defined so clearly, but prob- 
ably all that is necessary is to substitute the word property in 
the place of wealth in the previous definition. In fact it is 
doubtless necessary to be able also to substitute partially and 
thus to have the ratios wealth/property, property/wealth, and 
property/property in addition to wealth/wealth. It is now in- 
teresting to return to the consideration of certificates. The 
details of the discussion will be omitted. Attention may, how- 
ever, be called to one of the conclusions, namely, that, tech- 
nically speaking, value is not a distributive operator even for 
infinitesimals. For the certificates, being wealth and being 
constantly exchanged, must possess price and value, whereas the 
value of a certificate and of the wealth to which it certifies the 
property-right is by no means to be counted as equal to the value 
of the certificate plus the value of the wealth represented ; sym- 
bolically, v(¢ + w) + v(c) + v(w). 

The third chapter treats of utility or ophelimity or desira- 
bility or whatever one wishes to call that important economic 
concept. It is pointed out that the desirability corresponds to 
the fact that some one desires something, without considering 
the question as to whether he should desire it. The term is to 
be applied to such “ noxious things as opium, alcohol, and de- 
grading literature” —rather bad company for an article of 
commerce which is among the most useful in the arts, sciences, 
and industries. Thus far the definitions have been merely pre- 
liminary. Capital and income are introduced in the next chap- 
ter. The new definitions are: A stock of wealth existing at an 
instant of time is called capital ; a flow of services through a 
period of time is called income. Subsequently this capital is 
designated as capital-wealth or capital-instruments and further 
definitions of capital-property and of capital-value, the latter 
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being the value of the capital-wealth or capital-property, are 
given in chapter five. As it does not appear that the words 
stock of prefixed to wealth add anything to the conception of 
wealth, it seems that capital-wealth is identical with wealth. 
The important idea is that the wealth is as it exists at a definite 
instant of time. In mechanics nobody would think of defining 
mass as material objects and then redefining by saying that cap- 
ital-mass was a stock of mass existing at an instant of time; 
but in economics the word capital has stood for so many.things 
or has been used so much without standing for anything defi- 
nite that the author has to exercise great care, considerable 
repetition, and a good deal of rephrasing and redefinition to 
accomplish his ends. He seems to be taking more care than is 
frequently expended on definitions in mechanics. 

The chapters on capital accounts and capital summation are 
especially valuable in bringing out the connection of the theory 
of capital with business usages. And the advantages arising 
from the comparison are not by any means one-sided ; added 
clearness and practicability for the theory go hand in hand with 
useful illumination as to what are or what might be good 
methods in accounting. The insistence on relating theory to 
practice in the treatment of capital and later in the treatment 
of income furnishes several chapters which are largely novel 
with the present author. In the course of the investigation 
there is outlined a double method of accounting, one the method 
of balances, the other the method of couples; the first gives the 
distribution of capital among different individuals, the second 
catalogues the things owned. Applications are given to various 
points such as the accounts of a real person, the accounts of a 
fictitious person or company, the matter of taxation. 

An extended chapter on income is required to make clear the 
author’s definition and to justify it. To define income as the ser- 
vices of wealth forces the inclusion into that concept of a number 
of items which are frequently omitted, and the inclusion seems 
convenient. The development of the subjects of income accounts 
and of income summation follows. Again the double method 
is employed. Again there are numerous applications to ques- 
tions of interest. Frequently the applications are merely hinted 
at and left either for the reader to think out or for the author 
to recur to at a later point. There is also a chapter on psychic 
income ; for to stop short with material income is not wholly 
satisfactory. By carrying the method of income summation by 
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couples to its logical conclusion, it is seen that no objective 
items of outgo survive cancellation and that in a comprehensive 
view of production there is no such thing as cost of production 
in the objective sense. As we thus ultimately arrive at the 
necessity or convenience of introducing the psychic element, 
the query naturally arises as to whether it might not have been 
more strictly logical to begin with the psychic and introduce 
the theory of desirability more fundamentally into the work 
rather than to give so much preliminary space to the material 
conception of wealth. To have done so, however, would have 
rendered the book much less readable and might have seriously 
interfered with its function as a mediator between theory and 
practice. 

The next great section of the book contains what is really 
the author’s main contribution to the theory of capital and in- 
come. Nowhere, however, are the essential elements of his 
theory so vividly and graphically set forth as in the tabular 
diagram which is taken from the subsequent book on the rate of 


| 
| | Present capital | Future income 
| Quantities Capital-wealth Income-services 
| | 
| 


interest and which may appropriately be explained at this 
point. The idea is this. There exists at any time a stock of 
material objects in the world which are owned by human beings. 
These objects will or at any rate are expected to yield services 
to human beings during a more or less extended period of 
futurity reckoned from the instant at which the stock is evalu- 
ated or rather surveyed. These services may be material im 
the first instance but ultimately they are psychic. The reasom 
we want the wealth, the reason we put ourselves to pains to 
acquire the wealth or some property-right in it, is that we are 
desirous of obtaining the satisfactions due to these services. 
The income concept, the natural prevision of the human being 
for the future whether immediate or remote is the vital psychic 
element in the present theory. Now it is the income, the ser- 
vices from the wealth, which possess value. And finally it is 
this value which determines the value of the wealth or capital 
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itself. Without expected services capital would be fruitless, it 
would be valueless. The actual value which is to be attrib- 
uted to capital depends not alone on the value of the expected 
services or income but on the rate of interest. 

With this perspective of the general theory in mind, we may 
return to the systematic outline of the text. The ratio of the 
value of services obtained per unit of time from a certain cap- 
ital to the value of the capital is designated as the value-return. 
The rate of interest is then defined as the value-return pro- 
vided the income is perpetual and flows at a uniform rate. In 
this procedure it is clear that the author is not yet following 
out his theory but is merely stating a point of view which is to 
be abandoned. After some explanatory considerations which 
are set into intimate relation to investment usage, the foregoing 
definition of the rate of interest is rephrased as: In the price 
sense the rate of four per cent per annum means that the price 
of $100 of capital is $4 of income per annum for ever. Next 
the premium sense is introduced with the statement: The rate 
of interest of four per cent per annum in the premium sense 
means that the price of $100 of goods at a given date is $104 
of goods at the same date a year later. It is then shown that 
if the rate of interest in either of these senses is constant, it is 
so in the other and the two rates are equal. If the rate is not 
constant the two senses give different rates, and the author finds 
it more convenient to adopt the premium sense as fundamental. 

After some words on discount and many an illustration 
drawn from the world of finance, the author comes to the con- 
clusion or redefinition that the value of capital at any time is 
the present value of the total expected income discounted ac- 
cording to the rate of interest or rate of discount. One thing 
that impresses itself on the reader is the obvious difficulty that 
would have been encountered in developing the present theory 
in an age in which our financial system was only in a rudimen- 
tary form. Conceivably the theory might have been developed 
any time by any person who wished to take the income con- 
cept as fundamental and evaluate present goods in terms of 
the expected services therefrom, but it would have taken a pro- 
digious genius to do it in the days when it was not safe to look 
more than a few hours into the future and when one would dis- 
count a kingdom for a horse. Even at present it shows great 
originality, when one can break away from the classical con- 
ception of contemporaneous barter and found one’s economics 
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on the future and on a universal system of credit. The next, 
the fourteenth, chapter is one of the most interesting in the 
whole work ; it is the one which above all others clinches the 
theory. In it is discussed the matter of earnings and income. 
Evidently earnings may exceed or fall below income: for one 
may encroach on his capital or he may allow it to accumulate. 
Now, it is very tempting to consider earnings and not income 
as determining the value of capital and to rank savings as cap- 
ital. The theory is intricate and consequently the exposition 
is detailed and replete with illustrations. In the end the reader 
will be sure to find himself convinced of the author’s honesty 
and correctness, and he will probably recall the bluff remark 
of the hard-headed old business man who exclaimed “ Who 
ever heard of dividends doing a stock any good!” The finan- 
cial injustice of taxing earnings instead of income —and the 
moral injustice, too — in that the conservative and saving per- 
son is unduly burdened relatively to the spendthrift, is sharply 
exhibited. 

To complete the work and offer, so to speak, a second ap- 
proximation to reality there is given a chapter on the element 
of risk. The simple presentation of the theory of chances, the 
introduction of the coefficients of risk and of caution, and the 
application of these matters to determining the value of capital, 
for instance stocks and bonds, will be of interest to investors 
and brokers. No treatment of the risk element could be con- 
sidered as complete without some more or less extended mention 
of speculation and the use of speculation to the public at large. 
Most of the author’s statements on this subject seem to be in 
accordance with the best accepted views ; once the risk element 
has been introduced, his own theories seem to have relatively 
little bearing on speculation as such. There are two points at 
which it seems as though the text implies doubtful if not erron- 
eous views. In speaking of the fact that much of the evil of 
speculation arises from the lack of independence of the views of 
those who participate in speculation and with especial reference 
to the participation of the public in speculative markets the 
author says: How easily they are led is shown by the effect on 
the stock market in the year 1904, when Thomas Lawson pub- 
lished scare-head advertisements in the newspapers advising the 
public to sell certain securities. This seems to imply that it 
was the selling induced by Lawson’s advertisements which 
caused the sharp reaction, sometimes (especially by Mr. Law- 
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son) called the Lawson panic, of December 5-12 in 1904. 
Maybe it did ; but we doubt it and believe that the author would 
have been on much safer ground if he had pointed out that 
stocks had advanced steadily from the middle of May till the 
first week of December carrying the average of twenty rails up 
26 from 93.5 or toward thirty per cent and of twelve indus- 
trials up 26 from 47.5 or toward sixty per cent,* that in all this 
time there had not been-a reaction of three points in the averages, 
that after the middle of October the daily sales including Satur- 
days had averaged well over a million and a quarter shares in 
the New York market, that such a condition almost certainly 
represented undue speculative activity and growing overconfi- 
dence and a large weakly margined bull account, that in the 
preceding month there had been a pronounced bulge — in short 
that everything was shaping up for a violent and drastic shake- 
eut. It is by no meanscertain Lawson did not time his adver- 
tisement with the drop rather than that the drop resulted from 
the advertisement. It is even conceivable that the advertise- 
ments lessened instead of accentuated the inevitable break ; 
stranger things have happened. Perhaps the author knows what 
went on behind the scenes and may therefore be right ; but his 
statement unfortunately sounds like the meaningless “ causes ” 
ground out in haste and from hearsay by the underpaid so-called 
financial reporters.¢ The other remark to which we would take 
exception is: Normally speculative property will gravitate into 
the hands of those most able to forecast its true income. This 
is another generality with something of a glitter. It is difficult 
for us to see why anybody who is best able to forecast the true 
income of a property should care to allow that property to 
gravitate into his hands if his forecast leads him to believe that 
the true income is shortly to be nil. If Homer has nodded, it 
may be forgiven. 

Following the conclusion of the main part of the work there 
is an elaborate summary of it with ample diagrammatic repre- 
sentation and also a further general summary of the whole book. 
There is an extensive glossary of definitions with a reference to 
the appropriate passage of the text. Upon this is added a 
series of appendices to the various chapters. These appendices 


* Wall Street Journal figures. 

t+ It may be noted that the explanation here offered as to this panic is 
just as valid for illustrating and enforcing the author’s point as his own ; it 
is merely more subtle and less obvious — in Wall Street the obvious is 
seldom right. 
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contain a variety of matters most of which are of a mathe- 
matical nature. The mathematics, however, is not so much 
that of economics in Pareto’s sense as of accounting and interest 
reckoning under various assumptions, and as such it will prob- 
ably not appeal very strongly to the mathematician. An ex- 
haustive index concludes the treatise. From the detailed style 
of the text and the frequent summaries the reader can hardly 
fail to see clearly what the author’s theory is and by the 
glossary and index he can readily turn to any part of it which 
he may desire to reread or study with particular care after 
completing or during the progress of his perusal of the work. 
Thus to aid the student is always‘a kindness on the part of any 
author ; it is almost a necessity when so much that is new in 
theory and novel in illustration has been presented. 


The general arrangement of The rate of interest is similar to 
that of The nature of capital and income; there are the ex- 
tended analytical table of contents, the careful summaries, the 
glossary of definitions, the appendices with mathematical com- 
plements of the same sort as before and with a vast array of 
statistical information, and finally the comprehensive index. 
In the preface by way of explanation as to why the mathematics 
is relegated to appendices the author states that: Mathematics 
can properly claim no place in economic discussions except as 
they add something not expressible, or at any rate only imper- 
fectly expressible, in ordinary language. Perhaps this is 
equally true of discussions in mechanics and physics and chem- 
istry, but mathematicians of the present generation might wish 
to put in a counter claim by rejoining that verbal expositions 
in any subject are unnecessary except in so far as they serve to 
explain the meaning of the mathematical results obtained or to 
treat portions of the subjects which must still be regarded as 
matters of opinion with the author instead of matters of de- 
duction. 

As the present author has an original theory to propound, he 
devotes nearly a quarter of the main text to a criticism of pre- 
vious theories. First come the crude theories, then the pro- 
ductivity theories followed by the cost theories, and finally 
Béhm-Bawerk’s theory. To the last, as the most elaborate and 
thoroughgoing of recent theories, the author gives the larger 
part of his attention and in this he has had the advantage of 
the criticisms of Bohm-Bawerk himself. Throughout this crit- 
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ical introduction there is no attempt to throw out all the ele- 
ments of all preceding work. on the subject of the rate of in- 
terest but rather is the effort to eliminate that which is 
mischievous while retaining that which is good. There is, 
indeed, here and throughout the book, much reference to and 
many quotations from John Rae, to whose memory the work is 
dedicated and on whose theories the author has built his own. 
We shall take no time in discussing this which is itself a dis- 
cussion of the work of others, but shall pass on to the remainder 
of the text. 

The great complexity of our social and financial organism re- 
quires the investigations to advance by successive approxima- 
tions and the author divides his presentation into a first, second, 
and a third appreximation. Preliminary to the first there is a 
chapter on appreciation and interest. It was:seen in the course 
of the remarks on the last book that unless the rate of interest 
is constant it is not the same when expressed in different 
senses as a price and asa premium. In like manner here, if 
the price of wheat is rising year by year relatively to the price of 
gold, one could afford to exchange $100 now for $104 to be paid 
a year hence as easily perhaps as he could afford to exchange 
100 bushels of wheat now for 102 bushels to be paid in a year. 
If commodity prices in general are rising with great rapidity 
the rate of interest in money may have to be very high in order 
to keep the rate of interest in commodities above zero. We 
see, then, what a delightful disregard for economic law our 
legislators have when they limit the interest rate in money to 
six per cent. If commodity prices advanced about five per 
cent from 1905 to 1906 and about as much from 1906 to 1907, 
then one who loaned at the maximum legal rate during these 
years was realizing only about one per cent and those who had 
their money in a savings bank were losing about one per cent. 
As a matter of fact the advance was, if anything, more rapid. 
There is another and highly important preliminary chapter on 
the time-preference, or the willingness of any individual to do 
without income now for the purpose of having (more) income 
in the future. The dependence of the time-preference on the 
expected distribution of income in time is also discussed. Thus 
if a student is obtaining his education and therefore has reason 
to expect that his income will be much enhanced in the future 
he may be perfectly justified in borrowing money even at a 
considerable rate of interest, for he needs it now and can spare 
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it later —in this way he may solve the problem of getting the 
most out of his income in the long run; but if one looks for- 
ward to a diminution of income he may be willing to loan 
now even at a low rate of interest for the purpose of having 
income when he needs it more —and in this way he may solve 
for himself his own maximum problem. Throughout this 
chapter the text is especially full of delightful and valuable 
illustration. 

We now come to the seventh chapter, the first approximation 
to the theory of interest, in which the assumption is made that 
the income is rigid. The chief concern of this chapter is to 
show how an income which is originally definite and rigid may 
be modified by the simple process of loaning or borrowing ac- 
cording to the individual’s time-preference and the current 
rate of interest. The amount borrowed is regulated by the 
theory of marginal desirability. For if one’s time-preference 
is ten per cent and the market rate is five, he will start to 
borrow and as he borrows his time-preference diminishes until 
after he has contracted loans for a certain sum his time-prefer- 
ence has sunk to the market rate; and incidentally unless the 
available supply of money is infinite, the market rate will be 
raised. The matter is similar in the case of making loans. 
Hence if the supply be now considered finite in relation to all 
the borrowers and lenders, it is possible to get at a determina- 
tion of the rate of interest by the following principles: First, 
the rate of time-preference of each individual for present income 
as compared with remoter income depends on the character of 
his income stream as modified by his borrowing and lending. 
Second, there results a state of equilibrium between the time- 
preference of all individuals wherein those preferences are all 
equal and equal to the market rate. And third, the market 
rate is thereby determined as that rate which will throughout 
each period of time clear the market. We have here what 
appears to be a perfectly good definition of the rate of interest 
wholly determined by the statement that an economic state of 
equilibrium is established. 

It will be well to stop a moment and review the logic of the 
theory. Let us assume with Pareto the existence of the homo 
ceconomicus or the class of homines ceconomici. That which 
these ideal individuals desire are satisfactions spread throughout 
a period of time, that is, they want income. Some may have 
more income than they want this year and some may have less 
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than they want. They therefore set about bartering current 
income for future income until each is satisfied with his current 
condition as compared with his future prospects and a state of 
economic equilibrium is reached in which each homo ceconomicus 
will pay or accept the same premium as any other of his species 
for the exchange of present and future income. The premium 
has a definite ratio to its corresponding income, namely, the 
market rate of interest. ‘Then any income J may be capitalized 
into the capital C’ by the equation C = I/r, where r is the rate 
of interest. In this way it would appear as though wealth and 
property were eliminated from the really vital part of the theory. 
Indeed it seems as if there were no essential need of the lengthy 
discussions as to the materiality versus the possible immaterial- 
ity of wealth and as to the exact correspondence between wealth 
and property-right. And in view of the fact that we ultimately 
come to consider psychic income as the only fundamental in- 
come, those discussions impress us as rendering the theory more 
rather than less obscure from the purely logical point of view. 
But even if it be granted that weare not amiss in these statements, 
few would seriously contend that the author has not adopted 
that presentation which will most appeal to the largest number 
of persons not technically interested either in logic or in mathe- 
matics. 

Now that we have acquired an insight into the essential ele- 
ments of the author’s theory we must unhappily run somewhat 
cursorily over the large amount of material which remains or 
we should prolong this already lengthy review far beyond the 
limits which may properly be assigned to it. The second ap- 
proximation regards income as flexible and has important appli- 
cations of a practical nature to the question of how one may 
vary his income by choosing among the many different optional 
forms of investment. An investment in forest iands will 
clearly give a different distribution of income in time from that 
obtained by investing in farm lands or mining property. The 
author gives a special chapter to the consideration of the various 
classes of options. There are also unknown options which 
may arise during the course of time by the introduction of new 
inventions. The discussion of these naturally leads over to the 
general question which constitutes the third approximation under 
which the income is treated as uncertain. On page 221 there 
is an interesting table in which the conditions under the differ- 
ent approximations are compared. 
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There remains about one hundred pages of the text, which 
bear the general title Conclusions. Herein are found, among 
other things, some detailed applications of the completed theory 
to actual conditions, an elaborate inductive verification of the 
theory from the monetary point of view, an equally elaborate 
inductive verification from the economic point of view, and the 
inductive refutation of the so-called money theory of the rate 
of interest. One of the most interesting applications or verifi- 
cations of the theory which Fisher sets forth is the discussion 
of appreciation and interest. If commodity prices are increas- 
ing, it may be assumed that money is depreciating and vice 
versa. As we have seen, a depreciating monetary system 
ought to imply a high rate of interest part of which may be 
applied to the amortization of the lessening purchasing power. 
The text discusses this matter in detail and presents the con- 
clusion that theory and past experience go hand in hand. We 
have constructed a chart—it is too bad the author did not 
construct one — which exhibits the average interest rate of the 
Bank of England from 1846 to 1907,* the annual index num- 
ber for English commodity prices over the same period, and the 
annual percentage rate of increase of the world’s visible supply 
of gold from 1851 to date.t Some words on the comparison of 
these graphs may be worth while. 

It appears that from 1850 to 1857 commodity prices rose 
rapidly by about thirty per cent and interest rates rose sharply 
from under two and a half per cent to over six per cent. In 
the meantime the average annual increase in the world’s visible 
gold supply was about three and a half per cent. There were 
unmistakable evidences of gold inflation, great apparent pros- 
perity, and finally an international economic crisis. What the 
course of commodity prices and interest rates might have been 
in the years 1858 to 1872 if there had not been such a destruc- 
tion of wealth by war, it is difficult to say.{ As it was, prices 


* The table given by the author on page 418 apparently contains some 
misprints in the earlier years. 

tIt is very difficult to get a reliable estimate of the visible supply from 
year to year, and the annual addition to the supply may be almost anything 
between zero and the total amount mined, depending largely upon the com- 
petitive demands of the money market and the arts and industries. The 
chart must therefore be read without the use of a micrometer. 

} There seems to be a generally accepted theory that war destroys wealth 
and is therefore equivalent to a call for more gold. This appears to be a 
curious theory in view of the fact that gold is certainly not destroyed by war, 
earthquake, and the like. Would it not be more reasonable and more in ac- 
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remained nearly on a level and interest rates fluctuated widely 
while maintaining a high average over the whole period. Mean- 
while the average annual increase of gold had fallen to about 
two and a half per cent. From 1873 to 1896 prices fell away 
from the high mark 111 to the low of 61. If this is to be 
attributed to appreciation of gold, the appreciation was really 
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Upper curve. — Percentage annual increase in the visible supply of gold; 
scale on the right. 
Middle curve. — English commodity prices ; scale in the center. 
Lower curve. — Average interest rate of the Bank of England; scale on the 
right. 


remarkable. At any rate interest was low and for two years 
at the end of the period was at two per cent. It will be ob- 


cord with the theories of these books to claim that such calamities were equi- 
valent to an increase rather than a decrease in the gold supply? The whole 
matter, however, is so complicated and so bound up with the question of 
credit that it cannot be answered by any off-hand query or reply. 
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served that the fall in interest was not continual as in com- 
modity prices. The exigencies of the money market may change 
within fairly wide limits within tolerably short periods of time, 
and it is these rapid changes which must be smoothed out 
before the relation of appreciation to interest can be even ap- 
proximately determined. In fact while prices were falling 
most rapidly, the rate of interest was swinging about the value 
three and a half. During all this period the percentage in- 
crease in the gold supply was also low and equal to about one 
and a half per cent. 

If, then, one may assume that the long-time variations in 
prices and rates of interest are determined largely by the ques- 
tion of appreciation, it seems clear that an annual one and one 
half per cent increase in the gold supply was by no means suf- 
ficient to keep pace with the increase of the world’s population, 
the rapid development of new country, as in Africa and North 
and South America, and the increase of business ; it might have 
fallen still further short if the world had then been so unani- 
mously committed to the gold standard as at present. Since 
1895 commodity prices have risen sharply and interest rates 
have advanced. Coincident with this is a violent jum> in the 
annual percentage increase in the world’s visible gold supply ; 
the present average of that rate may be taken as a little under 
five per cent. The author’s theory seems to fit pretty well with 
the facts of recent history; and it is only history which is recent 
as economic cycles go that is available for a detailed statistical 
comparison with the theory. At present there are large num- 
bers of financial writers and of economists who have a leaning 
toward the practical side of their subject who are crying gold 
inflation with all their might, are predicting very sharp advances 
in commodity prices, much higher rates of interest, lower prices 
for bonds and other securities with a fixed rate of income, great 
speculative activity, and finally, in perhaps five or six years, a 
panic as in 1857 and 1907. This would appear to match very 
well with Fisher’s theory. The next decade promises to be an 
interesting affair. The world’s visible gold supply is now esti- 
mated at something like $7,200,000,000 and we are adding to 
it at the rate of about 5 per cent per annum (the actual amount 
mined is about six per cent), which seems high. Unless we 
mine a progressively increasing amount each year, the per- 
centage increase per annum in the supply will surely diminish ; 
it will diminish unless the mining rate increases more rapidly 
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than it has in the last three years. It is by no means impos- 
sible that a somewhat smaller annual percentage increase in the 
visible gold supply or even the present high rate may not be 
required for the proper opening up of new territory, for the in- 
creasing business and population of the earth, for the moderni- 
zation of the civilization of such a country as China, and espe- 
cially for the imperative fortification of the gold reserves of our 
own and other countries.* It may well happen that 1907 and 
not some later year will ultimately be compared with 1857 as 
containing a great panic due to gold inflation. If the fact that 
gold is depreciating is widely recognized and allowed to influ- 
ence speculation and prices according to sane economic laws, 
the disastrous effects which would follow ignorance will be 
much mitigated. 

In closing this review we would express the hope that not 
only economists and mathematicians and business men may read 
these volumes — it is almost essential to read both, so closely 
are they interrelated — but that those of our actual or would-be 
legislators who may be interested in something more than hold- 
ing their ears to the ground to catch a rumble that will indicate 
some wild popularistic “ vital” issue upon which they can con- 
duct a campaign at least orally successful, will take the pains to 
study Fisher’s work in detail, that they may legislate with as 
much wisdom as possible; we are in great need of a decent 
currency system. 

Epwin BIpwELL WILSON 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 

Boston, MAss., October, 1908. 
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Vorlesungen aus der analytischen Geometrie der geraden Linie, 
des Punktes und des Kreises in der Ebene. By Ortro Hesse. 
Vierte Auflage, revidiert und erginzt von S. GuNDEL- 
FINGER. Leipzig, Teubner, 1906. 8vo. viii + 251 pp. 
Tuis little book of the great geometer is so well known that 

it would seem almost absurd to review it at any length. Fora 

generation it has been considered a model of elegance, and the 


*On the question of the gold supply reference may be made to Thomas 
Gibson’s special market letters on ‘‘The Increasing Gold Supply,’’ New 
York, 1908. Of the contributors to this symposium, Muhleman alone seems 
to regard the present supply as possible of absorption without serious infla- 
tional effects. 
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new edition is, except for very minor changes, a reprint of the 
old. The editor has however added a number of notes, cover- 
ing twenty-two pages, in which certain of the more difficult 
points find a fuller explanation. Special attention is paid in 
the notes to the matter of signs. One of them amplifies in a 
very desirable way the admirable treatment of involution given 
by the author. Most of the others will also be found to add 
materially to the ysefulness of the book. 

One finds scattered throughout these lectures little side 
remarks which merit special attention. For instance in the 
second lecture the author shows how by means of the method 
of abridged notation certain theorems about lines determined 
by triangles may be proved without any calculation. He con- 
pares this method with the elementary but laborious methods 
which make no use of special devices, but proceed upon the 
basis of the general principles alone. He then says: “ Man 
braucht aber nur einmal solche Rechnungen mit den allgemeinen 
Prinzipien durchzufiihren, um die Lust an weiteren Versuchen 
zu verlieren.” He continues as follows: ‘The general prin- 
ciples, to be sure, indicate the path which is certain to lead to 
the desired result, but not the simpler way which one ovght to 
choose in a given case. The amount of mechanical labor 
required by the general principles becomes greater as the theory 
grows more extensive and comes to include a larger circle of 
problems. It becomes necessary therefore to build up special 
theories within the general theory, each of these special theories 
being especially adapted for a certain class of problems. It is 
to these special theories that these lectures are devoted.” 

One other remark made by the author is characteristic of 
the book. He finds himself discussing, for the third time, the 
problem of orthogonal substitutions, using on this occasion a 
purely algebraic method. He says: “ There can be no doubt 
that the purely algebraic problem gives rise to difficulties which 
did not present themselves in the previous methods of solution. 
This makes it so much the more important to accomplish the 
algebraic solution of the problem which from another point of 
view is already solved. It is precisely problems of this sort 
which lead to the most fruitful investigations.” The perfectly 
symmetrical character of the book, in which the geometrical 
and algebraic problems are treated with equal care and so as to 
completely elucidate each other, is the main charm of Hesse’s 
work. 
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I cannot close these remarks without expressing a bit of 
scepticism upon one point. The preface begins with these 
words : “ The present treatise is intended as an aid to the study 
of geometry in school as well as at the university.” It does 
not seem possible to me, even with the most generous conces- 
sions as to the superior abilities of the German schoolboy, to 
think of Hesse’s book as a text for a beginner in analytic 
geometry. To be sure it requires no prerequisites other than 
those which the beginner in this subject is likely to have, but 
it does require a mathematician of some maturity to read it ap- 
preciatively. Certainly the contrast between this book and our 
present-day textbooks for beginners is great. 

E. J. WILczyNskI. 


A Bibliography of the Works of Sir Isaac Newton Together with 
a List of Books illustrating his Works, with Notes, by GEORGE 
J. Gray. Cambridge, Bowes and Bowes, 1907. 8vo. 
viii + 80 pp. 1plate. Second edition, revised and enlarged. 
Ir is now some twenty years since Mr. Gray issued the first 

edition of this work, but as only a hundred and twenty copies 
were then printed it was never generally known to scholars, 
save by name. Ina way this has not been without its good 
results, since the very fact of its rarity has led to the prepara- 
tion of this new and enlarged edition, containing information 
now published for the first time. 

The work contains four hundred and twelve titles arranged 
under ten heads: Collected editions of works, the Principia, 
Optics and optical lectures, Fluxions, Arithmetica universalis, 
Minor works, Chronological, theological and miscellaneous 
works, Reports on coinage, Works edited by Newton, Memoirs. 
The bibliography is preceded by an analytic table of contents, 
and followed by an index of names. There is also a repro- 
duction of Mackensie’s drawing of Roubiliac’s statue in Trinity 
College, from Le Keux’s engraving. 

Only one who has worked in the bibliography of mathe- 
matics can appreciate fully the extent of Mr. Gray’s labors and 
sympathize with his errors and omissions. Such a work is 
easily conceived and can be pursued with little difficulty to a 
vaguely defined point, after which titles and editions become 
exceedingly elusive. It is like collecting portraits-of Newton ; 
the first fifty can be found with little trouble; the second fifty 
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are to be had if one will give the time and money ; the third 
fifty come very slowly, and the collector is increasingly con- 
scious that some will always elude his grasp. 

It is therefore no adverse criticism of Mr. Gray’s labors to 
call attention to a few omissions, and to say that any bibli- 
ographer can easily suggest others. It is rather with the desire 
to help future editors that the following supplementary notes 
are added : Of the Mathematical Principles (No. 26) there was 
also an edition in 1846 ; of Frost’s Principia (No. 37) the edi- 
tion of 1880 might be mentioned definitely ; Addison’s Defense, 
in Fontenelle’s Plurality of Worlds (No. 41), also appeared in 
1801; Martin’s Philosophia Britannica (No. 115) also appeared 
at London in editions from 1759 to 1787; there was a second 
edition of Snell’s Newton und die mechanische Naturwissen- 
schaft (No. 151) in 1858 ; there was also an edition of Voltaire’s 
Elémens de la philosophie de Neuton in his Oeuvres, Neuchatel, 
1772; there was an edition of the Lectiones opticae (cf. No. 
180) published in London in 1729; mention might be made of 
Alagrotti’s Dialoghi sopra l’ottica Neutoniana, in his Opere of 
1778-84, volume IT, pages 1-292 (cf. Nos. 194-197) ; mention 
might also be made, after No. 218, of A. Johnson’s article on 
Newton’s use of the slit and lens in the Transactions of the Royal 
Society of Canada, 1892, volume IX (3), page 49; Lecchi’s 
edition of the Arithmetica universalis (No. 280) appeared in 
1752, and since the dedication is also dated 1752 this, instead 
of 1732, is probably the date of thre first edition ; after No. 372 
it would be well to insert a cross reference to the Vita by Cas- 
tillioneus mentioned in No. 2, and similarly after No. 378 to 
Chittenden’s Life in the 1846 edition of the Principia (cf. No. 
26), and after No. 379 to Davis’s Life (27 pages) in the London 
edition of 1819 of the Mathematical principles ; there was also 
an edition of Frisi’s Elogio (No. 393) in 1829-30 ; the omitted 
date of Paulian’s Treaty of Peace between Descartes and Newton 
is 1763; to the biography might be added a ten-page folio 
without date, Vita d’Isacco Newton scritta da Giovanni Batista 
Giramonti, but there are probably dozens of brochures of a sim- 
ilar nature. It would also seem proper to add Charles Taylor’s 
Geometry of Kepler and Newton, published in the Transactions 
of the Cambridge Philosophical Society in 1900, volume X VIII, 
pages 197-219. Of course G. Kowalewski’s Abhandlungen 
iiber die Quadratur der Kurven, Leipzig, 1908, appeared too 
late for insertion, although by its reference to Newton it might 
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deserve a place. In the index the reference after Durkik 
should be 252 instead of 352. In addition to the errors in the 
first edition of the Principia, mentioned in Nos. 6 and 7, it may 
also be noted that the woodcut on page 22 is upside down, in 
some copies at least, as in one owned by Professor Hallock. 
The book is clearly printed and well indexed. It is needless 
to add that it deserves a place in every mathematical library. 
Davip EvGENE Smita. 


A Scrap-Book of Elementary Mathematics. Notes, Recrea- 
tions, Essays. By F. Wuire. Chicago, The 
Open Court Publishing Company, 1908. 8vo. 1 plate. 
248 pp. 

Ir is the right of every author to ask that reviewers judge his 
book only by the standard that it professes. If it pretends to 
be an exhaustive treatise, then the critic may justly claim that 
it falls short of what its readers have a right to expect if it 
contains more than the allowable maximum of errors or if the 
author displays ignorance of the work of his chief predecessors, 
If, on the other hand, it pretends to little, then it is proper to 
lower this standard, reserving the right to criticise the writer 
for not using his talents to better purpose. These or similar 
thoughts will probably occur to more than one reviewer who 
lays down Dr. White’s readable little book after spending the 
short time necessary to enjoy its contents. Pretending, as its 
name implies, to be merely a scrap-book, and written only for 
high-school pupils or for tyros in the teaching profession, it is 
by its very nature immune to serious criticism. Given a few 
well-known histories of mathematics and books of recreations 
in the same domain, such a work is easily constructed. If it 
has errors, these are attributable to the source material ; if the 
bibliography is meagre, the nature of the book does not war- 
rant one that is more extensive; if the selection is not the 
absolute best, the readers to whom the book appeals are all the 
more pleased ; if the arrangement shows little system, this is 
only what may be expected of a “ Scrap-book of mathematics.” 

Some idea of the scope of the work may be obtained from 
the following list of certain of the topics treated : Numeration 
of large numbers, Numerical curiosities, Tests of divisibility, 
Miscellaneous notes on number, Numbers arising from measure- 
ment, Compound interest, Arithmetic in the renaissance, Geo- 
metric puzzles, Magic squares, Alice in the wonderland of 
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mathematics. These and others have been treated briefly and 
in a style that will entertain and somewhat instruct those for 
whom the book was written, so that the work will serve its 
purpose as a not unworthy addition to a high school library. 
That it contains little that is not found in such books as Ball’s 
Mathematical Recreations, Lucas’s Théorie des nombres, and a 
few other less valuable works, is not a serious objection to such 
a publication. 

As to the errors in the book, these are chiefly, and by the 
nature of the case, historical. They arise from the fact that 
Dr. White has not always depended upon authorities of recog- 
nized standing to-day. For example, the date of Paciuolo’s 
Suma is given as “ 1494 (some say ten years earlier.)” Now 
we know perfectly well that the first edition of this famous work 
appeared in 1494, at Venice, and we know when the book was 
written, so that all element of uncertainty has long since been 
removed. Under the use of the period as a decimal separatrix, 
mention may now be made of the Pellos arithmetic of 1492, 
although when Dr. White’s manuscript was prepared this use 
was unknown. That Avicenna, or Ibn Sind, was the first 
writer on arithmetic to use the Hindu numerals is impossible, 
for he wrote nearly two centuries after Al Khowarizmi had 
made them known in Bagdad. It would hardly be expected 
that Cardan, writing about 1550, could be taken as a present 
authority on the introduction of the Hindu numerals in Europe ; 
indeed we now know that Fibonacci was by no means the 
earliest one to know them in Italy, as he asserted. As to the 
lack of a suitable notation for computation among the Greeks, 
it should also be said that Dr. White’s assertion is now felt to 
be too sweeping, and that the Greeks really got along very well 
with little practical use of the abacus. That ‘million’ first ap- 
peared in print in Paciuolo’s work (1494) is not correct; it is 
found in the Treviso arithmetic of 1478, in Borghi’s work of 
1484, and in the Pellos book of 1492. The word was already 
old when printing was invented, and appears in English in 
Pier’s Plowman as early as c. 1375, coming from such Italian 
writers as Marco Polo. That Parley, in 1596, was the author 
of the classic “ Thirty days hath September’’ has long since 
been disproved. It appeared in English at least six years 
earlier, and was printed in Latin as early as 1488. It is me- 
diaeval. The statement about the sine is not exact. Hultsch 
has shown that the Greeks also used the half chord, and 
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Gherardo of Cremona probably used the word sinus before 
Plato of Tivoli. As to the symbol for infinity ascribed to 
Wallis, a rather hasty examination of his Opera fails to show 
that he used the one mentioned, but he mayhave done so. 

It is perhaps justifiable to revert to one point of criticism 
already mentioned, and to inquire whether Dr. White has used 
his talents to their best advantage in planning and executing 
such a work. There is an undoubted need for a good book on 
mathematical recreations arranged more systematically than any 
that has yet appeared; one that shall place the material in 
somewhat the order that a teacher or pupil may use it, and that 
shall rather carefully exhaust the available material in the large 
number of works on the subject. To write with no extensive 
knowledge of the best modern works on the subject, such as 
Ahrens’s and Schubert’s, and of such noteworthy older works 
as those of Bachet and Ozanam is to render impossible the 
accomplishment of such a labor. 

It must be repeated, however, that the author makes no pre- 
tense to this sort of work, and it is only fair to say that he has 
given us a very readable book for a summer afternoon. 

Davip EvGENE SMITH. 


voyal Society of Indon Catalogue of Scientifie Papers 1800- 
1900. Subject Index, Volume I, Pure Mathematics. Cam- 
bridge, at the University Press, 1908. lviii + 666 pp. 
Price $6.75. 

Tuis is the first volume of a subject index which is to be pub- 
lished as “separate index-volumes for each of the seventeen 
sciences of the Schedules of the International Catalogue, viz., 
mathematics, mechanics, physics, chemistry, astronomy, mete- 
orology, mineralogy, geology, geography, palaeontology, biology, 
botany, zoology, anatomy, anthropology, physiology, and bac- 
teriology.” The object is to bring this Index into close rela- 
tion with the International Catalogue of Scientific Literature by 
adopting the same general method of classification and by in- 
dexing the papers of the whole of the nineteenth century, while 
the International Catalogue is devoted to the literature follow- 
ing this period. The present Index has also close contact with 
the well known Catalogue of Authors which is being issued by 
the Royal Society, and of which twelve large volumes (1800- 
1883) have been published, while those covering the period 
from 1884 to 1900 are in preparation. 
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As may be inferred from the title, the scope of the Index 
under review is not as extensive as that of the International 
Catalogue, since the former confines itself to periodic literature 
while the latter includes also the non-periodic publications. 
Notwithstanding this limitation, the preparation of such an Index 
for what has been called the historic century * is an enormous 
undertaking in view of the fact that the headings of articles are 
frequently too vague to admit of classification without a detailed 
examination of the contents of the articles. We are told in the 
preface that the present volume contains 38748 entries refer- 
ring to 700 serials. Although these numbers may appear large, 
yet they are too small to imply a practically complete list of the 
papers which appeared during the period under consideration. 
In fact, about 950 journals devoting more or less space to mathe- 
matics were started during the nineteenth century and over 200 
had their origin in the preceding century. 

One of the most important mathematical periodicals which 
does not appear in the list of serial publications used in prepar- 
ing the present volume is the Zeitschrift fiir mathematischen 
und naturwissenschaftlichen Unterricht, founded by Hoffman in 
1870. Among the American periodicals which have not been 
indexed, the American Mathematical Monthly is probably the 
best known, and I found only two of the early American mathe- 
matical periodicals mentioned by Hart, volume 2 of the Des 
Moines Analyst, in the given list of serial publications, viz., 
The Mathematical Miscellany (1836-39) and Runkle’s Mathe- 
matical Monthly (1858-61). Some of these early periodicals 
were devoted entirely to problems and hence did not deserve a 
place in the list under consideration, but this is not true of all 
of them. 

Although the number of entries and the number of serial pub- 
lications used are not sufficiently large to justify the hope that 
the volume under review might contain a practically complete 
index of the mathematical papers appearing during the nine- 
teenth century, they are large enough to inspire considera- 
ble confidence in the value of the Index. When it is remem- 
bered that Herr Valentin estimates the total number of mathe- 
matical articles as a little less than 100,000, a list of 38,748 


* Cf. Giinther, Cantor’s Vorlesungen tiber Geschichte der Mathematik, vol. 
4 (1908), p. 3. 

t Felix Miiller, Jahresbericht der Deutschen Mathematiker-Vereinigung, vol. 
12 (1903), p. 439. 
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entries, with comparatively few repetitions and confined to the 
preceding century, is sufficiently extensive to include all the 
articles showing real advances. Even if this high ideal has not 
been entirely reached, as only about 750 articles appear to have 
been rejected on account of their lack of sufficient permanent 
interest to be entered, yet the present volume is extremely val- 
uable and it is hard to see how any live mathematical scholar 
can afford to be without it. 

For the greater part of the period covered, the volume under 
review contains the most complete subject catalogue extant. In 
fact, the only other work which can be compared with it is the 
well-known Répertoire bibliographique des sciences mathéma- 
tiques, which was started with a view to covering the period from 
1800 to 1890, but is still far from being complete. Since 1871 
the Jahrbuch iiber die Fortschritte der Mathematik has been 
doing excellent service, and since 1893 the Revue semestrielle des 
publications mathématiques has made it much easier to keep in 
touch with recent literature, and the publication of separate vol- 
umes covering five-year periods has made the Revue very much 
more serviceable. Although such publications are very useful 
in looking up the total literature on a subject, they can scarcely 
be compared with a work of such a large scope as that of the 
volume under consideration. 

A commendable feature of the extensive bibliographic under- 
taking of the Royal Society is that it tends to make it easier to 
keep in touch with progress in more than one of the large fields 
of scientific inquiry. If the subject catalogues of the various 
sciences form parts of the same set and are arranged according 
to the same general plan, it is very much easier to maintain the 
community of interests which ought to characterize scientific 
endeavor and which frequently tends towards mutual helpful- 
ness. Even if this feature is not regarded as being of primary 
importance, it is far-reaching in its effects and seems to deserve 
more attention than it has been receiving during the recent 
period of very rapid development. Even in mathematics itself 
there is danger of estrangement, as Darboux pointed out in his 
recent address before the fourth international congress of 
mathematicians.* 

When the volume under review is examined in detail there 
is considerable room for criticism. The classification is so 
minute as to demand an unusually large amount of mathemat- 


* Bulletin des Sciences Mathématiques, vol. 32 (1908), p. 108. 
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ical knowledge on the part of the classifier, and it is not sur- 
prising to find that this demand was sometimes higher than his 
patience or knowledge could meet. Hence it is frequently 
necessary to look under several closely related headings to find 
the information that may be desired. The titles of the papers 
published after 1883 were made from the contents of the papers 
and not merely from their headings. This was also done as 
regards the earlier papers when the headings were too indefinite 
for the minute classification demanded by the general scheme. 

As an instance where the heading is entirely misleading we 
may cite the papers by Cockle on a species of indeterminate 
analysis, which appeared in the Cambridge and Dublin Mathe- 
matical Journal (1851-43) under the title “ Method of vanish- 
ing groups.” Although they have nothing in common with 
what is now known as group theory, they are classed with this 
subject in the present volume. Bilenki’s note on “ permu- 
tants” is classed with permutations and substitutions ‘instead 
of with the papers on matrices. 

In the classification, the subjects are arranged under the reg- 
istration numbers adopted by the International Catalogue, and 
a copy of Schedule A of this catalogue is made to serve as a 
table of contents of the volume, with references to the pages 
where the articles relating to the various subjects are indexed. 
In order to save repetition in printing, a number of sub-head- 
ings not contained in the International Catalogue, have been 
employed. These are printed in italics so that they can readily 
be distinguished from the regular headings of the catalogue. 
The list of periodicals which precedes the regular index in- 
cludes not only the abbreviations used for each journal and the 
date when it was started, but also a statement as regards the 
British libraries in which it may be found and whether the 
library contains a complete or only an incomplete set. 

Notwithstanding the imperfections to which attention has 
been called, the present work fills a great want which fully 
justifies the expenditure of the vast amount of labor involved 
in its production. It will doubtless contribute greatly towards 
progress in our science by making it much easier to become 
acquainted with everything that has been done along a certain 
line. Fortunately the price of the volume is sufficiently low 
to make it practicable for a large number of scholars to have it 
in their private libraries and thus use it to develop many thoughts 
which would otherwise make only a passing impression. 

G. A. MILLER. 
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Introduction to the Theory of Fourier’s Series and Integrals and 
the Mathematical Theory of the Conduction of Heat. By H. 
S. Carstaw. London, Macmillan and Company, 1906. 
8vo. 17+ 434 pp. 

Tuts book is an attempt to place the mathematical theory of 
heat on a rigorous basis. On the one hand there are in English 
many books dealing with such pure mathematical subjects as 
the theory of infinite series, the theory of definite integrals, and 
the theory of functions of a real variable, which give rigorous 
developments of their subjects, and on the other there are books 
on applied mathematical subjects which in many cases take as 
axiomatic many of the pure mathematical theorems on which 
the applied subject is based. Mr. Carslaw is to be congratu- 
lated on the success of his endeavor to deal rigorously with the 
theory of heat. His book divides naturally into two parts. 
The first deals with such matters as the theory of series and of 
definite integrals in general, and in particular with the Fourier 
series and integrals. The second part consists of an application 
of this machinery to the standard problems of the conduction 
of heat. 

Tn the chapters on theory of numbers and series attention 
should be drawn to the clearness of explanation of Dedekind’s 
axiom and of the sum of a series. The student usually finds so 
much difficulty in understanding what is meant by the sum of 
an infinite series, that it is worth while to repeat the statement 
given by Carslaw and due to Baker. 

“ When we speak of the sum of an infinite series 
u,(x) + u,(x) + + ---it is to be understood (1) that we 
settle for what value of x we wish the sum of the series ; (2) 
that we insert this value of x in the different terms of the 
series ; (3) that we find the sum S/(x) of the first n terms of 
the series ; and (4) that we find the value of the limit of this 
sum as n increases indefinitely, keeping 2 all the time at the 
value settled upon. 

“‘ With this understanding, the series is said to be convergent 
for the value x, and to have f(x) for its sum, when, this value 
of x having first been inserted in the different terms of the 
series, and any positive quantity e having been chosen as small 
as we please, there exists a finite integer v such that 
| f(x) — S(x)| < for n > v.” 

The author gives a good account of uniform convergence. He 
states and gives a proof of the statement that uniform converg- 
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ence implies continuity. This is of course true if the terms of 
the series are all continuous, and the author makes this assump- 
tion. It is clear however that a series may satisfy the condi- 
tion of uniform convergence and yet have a finite number of 
terms which are not continuous in the interval considered, pro- 
vided that each of these terms has a definite value at every point 
in the interval, and in this case the continuity breaks down. 
Since the author aims so definitely at completeness, he might 
have included in this chapter (Series) the definition of continuity. 

Chapter IV contains a treatment of the theory of infinite in- 
tegrals. It is noteworthy that though until a year ago there 
was no detailed treatment of this subject in English, there have 
appeared almost simultaneously three books which contain full 
accounts of it, those of Pierpont, Carslaw, and Bromwich. 

Chapters V and VI deal with Fourier’s series. The discus- 
sion of convergence of these series is admirably illustrated by a 
series of graphs, which give the successive curves of approxima- 
tion as one, two, three, etc., of the terms of some particular 
series are taken. These graphs illustrate very well the way in 
which discontinuities arise in a series of continuous functions. 
It is interesting to note that as n increases indefinitely the curve 
y = 8 (x) does not tend precisely to the discontinuous curve 
y = S(x) and the vertical straight lines joining the points of 
discontinuity. The vertical lines in fact extend through and 
beyond the points of discontinuity. This was first pointed out 
by Gibbs, and has been generalized for Fourier series by Bécher. 

The second part of the book, after a chapter on the general 
theory, deals with particular classical problems, such as 
Fourier’s ring, the straight rod, the sphere, etc. 

The book is not free from errors which should not have 
escaped the proof reader. For example, the graph on page 59 
for the curve y = nx/(1 + n’x’) is stated on the figure itself to 
be drawn for the two cases2= 10, n= 100. Beneath the 
figure these numbers are said to be n = 5, n = 50, whilst in 
the text they are said to be 5 and 100. Ina second edition it 
might be well to express differently such phrases as “the 
rapidity of the convergence becomes slower and slower” (page 
55), and “ By choosing q large enough we may make this as 
small as we please for that and all greater values of q” (page 
182). 

The book contains a number of exercises and concludes with 
a full bibliography and a fairly good index. 

J. EpMUND WRIGHT. 
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Angewandte Potentialtheorie in elementarer Behandlung. Von 
E. GrimsEHL. Sammlung Schubert XXXVIII. Leipzig, 
G. J. Géschen. Vol. 1, vii + 219 pp., 1905. 

For those who desire to teach the potential theory for the 
sake of its applications.and to classes of students of limited 
mathematical advancement, Grimsehl has done a real service in 
writing this book, and promises to do an additional service in 
the second volume. Starting with the ideas of force and work, 
the author develops the potential theories for particles of mass 
and applies the results to the discussion of the attraction due to 
spherical shells, spheres, and homologous ellipsoids ; the concep- 
tion of lines and tubes of force and of equipotential surfaces are 
appropriately treated. There immediately follows a discussion 
of the determination of the constant of gravitation, of the density 
of the earth, and of other similar problems. The next section 
of the book takes up electric potential and fields of force with 
the theory of electric images. The usual theory of conductors 
and condensors is given in detail and with great clearness, and 
considerable attention is paid to the quadrant electrometer. 
The second volume will set forth the applications of potential 
theory to magnetism, electromagnetic phenomena, and electric 
currents. It is certainly a great convenience for any teacher of 
elementary mathematical physics to have all these matters care- 
fully collected, set in relation to one another, and thoroughly 
explained from the one unifying principle of potential. 


E. B. Wison. 


NOTES. 


THE Sixteenth Summer Meeting and Sixth Colloquium of 
the AMERICAN MaTHEMATICAL Society will be held at 
Princeton University during the entire week, September 13-18, 
1909. The first two days will be devoted to the regular ses- 
sions for the presentation of papers. At the Colloquium, 
which will open on Wednesday morning, the following courses 
of lectures will be delivered: Professor G. A. Buss, “ Exist- 
ence theorems in analysis;” Professor J. H. JEANs, “Statis- 
tical mechanics ;” Professor Epwarp Kasner, “ Geometric 
aspects of dynamics.” 


The Annual Register of the AMERICAN MATHEMATICAL 
SocieTy is now in preparation and will be issued in January. 
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Blanks for furnishing necessary information have been sent to 
the members. Early notice of any changes since the issue of 
the last Register will greatly facilitate the work of the Secre- 
tary. The Register is widely circulated and it is desirable 
that the information which it contains should be accurate and 
reliable. 


At the meeting of the London mathematical society held on 
December 10 the following papers were read: By H. Lamp, 
“On the propagation of sound waves vertically in the atmos- 
phere ;” by E. W. Hopson, “On Sir William Rowan Hamil- 
ton’s fluctuating functions,” and “On the representation of a 
function by series of Bessel’s functions ;” by G. H. Harpy, 
“Theory of Cauchy’s principal values (fourth paper) ;” by 
T. Sruart, “Solution of a problem of Mersenne’s;” by 
L. J. Rocers, “ Note on a continued fraction equivalent to 
the remainder after n terms of Taylor’s series ;” by B. Ram, 
“Solid angles and potentials of plane discs.” 


At the third international congress of philosophy, held at 
Heidelberg, August 31 to September 5, the following papers on 
the philosophy of mathematics were read: By P. Mansion, 
“Gauss versus Kant and non-euclidean geometry ;” by M. 
Kuntze, “The philosophic significance of Grassmann’s Aus- 
dehnungslehre ;” by M. M. WinTeR, “ Relation between intu- 
ition and mathematical thought ;’ by A. Rey, “ Deduction and 
experience in scientific methods ;” by E. MEYErson, “ Scientific 
explanations and common sense ;” by F. ENRIQUEs, “ Principle 
of sufficient reason ;’? by M. Durumier, “The notion of a 
positive formal logic.” In the section of logic and theory of 
knowledge there was a symposium on mathematical logic, in 
which E. M. G. ITEtson and Mrs. Lapp-FRanK- 
LIN participated. The next meeting of the congress will be 
held at Bologna in the summer of 1911. 


THE ninth meeting of the Swiss teachers of mathematics 
was held at Baden, October 4, under the presidency of Pro- 
fessor H. Fenr, and in affiliation with the Swiss society of 
gymnasium teachers. The following papers were read: By 
D. RuEFLI, “ Presentation of maxima and minima in the sec- 
ondary schools ;” by C. Jaccoret, “ Demonstration of a theorem 
of Descartes ;? by H. Fenr and E. Gusier, “ Report of the 
fourth international congress of mathematicians ; ” by H. Fenr, 
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“ The international commission on mathematical instruction.” 
The retiring officers were reelected. The next session will be 
held at Bern, May 22, 1909. 


In the series of monographs on mathematical physics for 
engineers and students published by Teubner, Leipzig-Berlin, 
three volumes have already appeared and the following are in 
the press: Principles of ship construction, by O. ALT ; Theory 
of gases, by A. Byk ; Mathematical instruments, by A. GALLE ; 
Theory of potential, by R. Gans; Problems in oscillation, by 
E. GriNEISEN ; Vector analysis and its applications to mathe- 
matical physics, by W. v. Ienatowsky ; Tables of functional 
values with formulas and curves. by E. JAHNKE and F. EmMpE; 
Acoustics, by A. KALAHNE; Thermoelectricity, by F. KRUGER; 
Conformal representation, by L. LEWENT ; Introduction to the 
theory of elasticity, by R. Marcotoneo ; Technical hydrome- 
chanics, by R. v. MisEs ; Principles of the mechanics of alter- 
nating currents, by E. OricH ; Fourier series, by R. RoTHE; 
Partial differential equations, by R. RorHe ; Electromagnetic 
oscillations, by R. RUDENBERG; Bessel functions, by P. 
ScHAFHEITLIN ; Measurements of temperature, by S. VALEN- 
TINER ; Thermodynamics of mixtures, by E. Bose ; Motors for 
alternating currents, by J. SuMEc. 


Proressor G. Darpoux, of the University of Paris, has 
been elected to membership in the academy of sciences of Halle. 


Proressor G. H. Darwin, of the University of Cambridge, 
has been elected corresponding member of the Prussian 
academy of sciences. 


Proressor G. Loria, of the University of Genoa, has been 
elected honorary member of the mathematical society of Am- 
sterdam. 


Proressor H. A. Scuwarz, of the University of Berlin, 
has been decorated with the order of the cross of the second class. 


Dr. G. W. Hitt has been elected corresponding member of 
the Bavarian academy of science. 


Dr. E. Scumipt, of the University of Bonn, has accepted a 
call as professor of mathematics at the University of Zurich. 
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Dr. U. Cisorri has been appointed docent in rational me- 
chanics at the University of Padua. 


Dr. M. HELLINGER has been appointed docent in mathe- 
matics at the University of Marburg. 


ProFessor G. HESSENBERG, of the agricultural academy at 
Bonn-Poppelsdorf, has been appointed docent in mathematics at 
the University of Bonn. 


Dr. C. MULLER has been appointed docent in mathematics 
at the University of Géttingen. 


Dr. H. Trerze has been appointed docent in mathematics at 
the University of Vienna. 


Dr. P. Bourrovux has been appointed associate in rational 
mechanics at the University of Poitiers, succeeding Dr. H. 
LEBESGUE, who was recently promoted to the chair of analysis. 


Drs. M. Goursat and C. A. Laisant have been promoted 
to the full rank of examiners, in analysis and mechanics 
respectively, at the Ecole polytechnique at Paris. Dr. E. 
MAILLET succeeds Dr. GoursaT as associate examiner in 
analysis. 


At Brown University Drs. N. J. LENNEs and R.C. ArcuI- 
BALD have been appointed instructors in mathematics. 
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NEW PUBLICATIONS. 

1. HIGHER MATHEMATICS. 
Best (L.). Beweis des Fermat’schen Satzes. Darmstadt, Schlapp, 1908. 
8vo. 3pp. M. 0.30 


BoEeHM (K.). Elliptische Functionen. Iter Teil. Theorie der elliptischen 
Funktionen, aus analytischen Ausdriicken entwickelt. (Sammlung 
Schubert, XXX). Leipzig, Géschen, 1908. 8vo. 12+ 356 pp. Cloth. 


M. 8.60 
FiscHer (P. B.). Determinanten. (Sammlung Géschen, 402). Leipzig, 
Géschen, 1908. Svo. 134 pp. M. 0.80 


FisHer (I.). A brief introduction to the infinitesimal calculus. Revised 
edition. New York, Macmillan, 1908. 12mo. 84 pp. Cloth. 


$0.75 
Harpy (G. H.). A course of pure mathematics. Cambridge, University 
Press, 1908. 8vo. 444 pp. 12s. 


JAHRBUCH iiber die Fortschritte der Mathematik, begriindet von C. Ohrt- 
mann. Im Verein mit anderen Mathematikern und unter besonderer 
Mitwirkung von F. Miiller, A. Wangerin, E. Salkowski sowie der Berli- 
ner mathematischen Gesellschaft herausgegeben von E. Lampe. Vol. 
37, 1906. ltes Heft. Berlin, Reimer, 1908. 8vo. 484pp. M. 17.00 


Kocu (J.). Beweis des grossen Fermat’schen Satzes. Borna, Noke, 1908. 
8vo. 34 pp. M. 1.25 


Kisier (J.). Beweis des Fermat’schen Satzes, dass die Gleichung 
x" -+ y" =z" fiir n >2in ganzen Zahlen niemals auflésbar sei. Leipzig, 
1968. 8vo. 18 pp. M. 1.00 

Lampe (E.). See JAHRBUCH. 

MU (F.). See JAHRBUCH. 


Netto (E.). Gruppen- und Substitutionentheorie. (Sammlung Schubert, 
LV.) Leipzig, Géschen, 1908. 8vo. 8+ 176 pp. Cloth. M. 5.20 


OHRTMANN (C.). See JAHRBUCH. 


Rupio (F.). Die Elemente der analytischen Geometrie. Mit zahlreichen 
Uebungsbeispielen. 2ter Teil: Die analytische Geometrie des Raumes. 
4te, verbesserte Auflage. Leipzig, Teubner, 1908. 8vo. 10-4194 pp. 

M: 3.00 


Ruut (H.). Elementarer Beweis des Fermatschen Satzes. Darmstadt, 
Miiller, 1908. 8vo. 4 pp. M. 0.30 


SaLKkowskI (E.). See JAHRBUCH. 


Sturm (R.). Die Lehre von den geometrischen Verwandtschaften. Vol. 
If. Die eindeutigen linearen Verwandtschaften zwischen Gebilden 
zweiter Stufe. (B. G. Teubner’s Sammlung Vol. XX VII, 2.) Leipzig, 
Teubner, 1908. 8vo. 8+ 346 pp. Cloth. M. 16.00 


VersucH einer Lésung des grossen Fermatschen Satzes: a” + 6" —=c*. 
(Diss.) Halle, 1908. 8vo. 14 pp. M. 0.60 
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Voss (A.). Ueber das Wesen der Mathematik. Rede. Erweitert und mit 
Anmerkungen versehen. Leipzig, 1908. S8vo. 98 pp. M. 3.60 


WANGERIN (A.). See JAHRBUCH. 


II. ELEMENTARY MATHEMATICS. 


BEHRENDSEN (O.) und Gértinc. Lehrbuch der Mathematik nach modernen 


Grundsitzen. A. Unterstufe. Leipzig, Teubner, 1908. 8vo. 7-4 254 
pp- M. 2.80 


BorEL (E.). Die Elemente der Mathematik. Deutsche Ausgabe. besorgt 
von P. Stickel. Vol. 1: Arithmetik und Algebra. Leipzig, Teubner, 
1908. 8vo. 14+ 431 pp. Cloth. M. 8.60 


Davison (C.). Algebra for secondary schools. New York, Putnam, 1908. 
8vo. 623 pp. Cloth. $2.00 


DELAIsTRE (L.). Cours complet de dessin linéaire gradué et progressif, con- 
tenant la géométrie pratique, élémentaire et descriptive. 6e édition. 
Paris, Gauthier-Villars, 1908. 4to. 8 -+-65 pp. Fr. 15.00 


DIECKMANN (E.). Leitfaden fiir den Unterricht in Algebra. Rechenergeb- 
nisse zu den Aufgaben, zusammengestellt von O. Vedder. Autographiert 
von R. Priesterback. Leipzig, Degener, 1908. 8vo. 4-+ 24 pp. 

M. 2.00 


DresENER (H.). DieStereometrie. Mit vielen praktischen Beispielen und 
Aufgaben. 3te Auflage. Leipzig, Voigt, 1909. 8vo. 4-+ 98 pp. 
M. 3. 


Gewnav (A.) und Grinver (J.). Geometrie fiir Lehrerbildungsanstalten. 
Nach den Lehrplinen von 1901 bearbeitet. 14te Auflage. Leipzig, 
Reisland, 1908. 8vo. 8-+ 263 pp. M. 3.75 


GzoMETRIA Y TRIGONOMETRIA. Respuestas al cuestionario oficial para el 
ingreso en las encuelas de ingenieros industriales de Madrid y Barcelona. 
Barcelona, Bosch, 1908. 99 pp. 


Gortinc. See BEHRENDSEN (0O.). 
GrUNDER (J.). See Genav (A.). 
KrimMpHorF (W.). See Scowerine (K.). 


(F. G.). Hauptsitze der Elementar-Mathematik zum Gebrauche 
an héheren Lehranstalten. Bearbeitet von A. Schulte-Tigges. Ausgabe 
B. Unterstufe. Planimetrie und Arithmetik. Berlin, imer, 1908. 
8vo. 9-+ 204 pp. M. 2.00 


Miner (A.) et Partin. Cours pratique d’arithmétique, de systéme métrique 
et de géométrie. Cours élémentaire, Ire et’ 2e années. lle édition, 
revue et corrigée. Paris, Nathan, 1908. 8vo. 192 pp. 


Moraca SAncHez (F.). Elementos de trigonometria general y rectilinea. 
Madrid, Ricardo Rojas, 1908. 120 pp. 


Mitier (H.). Die Elemente der Stereometrie.. Ein Beitrag zur Methode 
des geometrischen Unterrichts. 4te Auflage. Metz, Scriba, 1908. 8vo. 
6 + 88 pp. M. 1.60 
Panu (F.). See ScHULTZE (E.). 


Patin. See Miner (A.). 
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Porrer (W.J.). Concurrent practical and theoretical geometry. London, 
Ralph, 1908. 8vo. 194 pp. 1s. 6d. 


PRIESTERBACH (R.). See DreckMANN (E.). 


Romero Rupira (A.). Elementos de algebra. Alicante, Lopez, 1908. 
8+ 271 pp. 
Ross (P.). Elementary algebra. For the use of higher grade and secondary 


schools. Part LI, with answers. London, Longmans, 1908. 8vo. 240 
pp. Cloth. 2s. 6d. 


ScuMmeat (C.). Lehrbuch der Arithmetik und Algebra. 2ter Teil. Aus- 
gaben A und B. Auflésungen. Giessen, Roth, 1908. 8vo. M. 1.20 


Sammlung von Aufgaben aus der Algebra und algebraischen Analysis 
im Anschlusse an das Lehrbuch : Die Algebra und algebraische Analysis 
mit Einschluss einer elementaren Theorie der Determinanten. Fiir die 
Prima der realistischen Anstalten. Giessen, Roth, 1908. 8vo. 6+ 
136 pp. M. 2.00 


ScHNEIDER (F.). Zur Methodik der Elementar-Mathematik. Winke fiir 
Lehramtskandidaten und jiingere Lehrer. Stuttgart, Grub, 1908. 8vo. 
6 + 68 pp. M. 1.40 
ScHULTE-TicGEs (A.). See MEHLER (F. G.). 


ScuuLrze (E.) und Pant (F.). Mathematische Aufgaben. Ausgabe fiir 
Kealgymnasien, Oberrealschulen und Realschulen. 2ter Teil. Leipzig, 
Dirr, 1908. 8vo. 8+ 296 pp. M. 3.60 


ScuustER (M.). Geometrische Aufgaben und Lehrbuch der Geometrie — 
Planimetrie, Stereometrie, ebene und sphirische Trigonometrie— nach 
konstruktiv-analytischer Methode bearbeitet. Ausgabe A: fiir Vollan- 
stalten. 3terTeil: Stereometrie. 2te, nach den preussichen Lehrplanen 
von 1901 umgearbeitete Auflage. Leipzig, ah ae 1908. 8vo. 6+ 
104 pp. M. 1.80 


Scuwerinc (K.) und KriwpHorr (W.). Ebene Geometric. Nach den 
neuen Lehrplanen bearbeitet. 6te Auflage. Freiburg, Herder, 1908. 
8vo. 10+ 138 pp. M. 2.20 


Srevert (H.). Lehrbuch der Elementar-Geometrie zum Gebrauche an 
Mittelschulen und beim Selbstunterrichte. Leipzig, Deichert, 1908. 
Iter Teil. 1te Abteilung. 3te Auflage. 8vo. 6+179 pp. M. 2.40 
ster Teil. te Abteilung. 2te Auflage. 8vo. 6-95 pp. M. 1.60 


(P.). See Boren (E.). 


SrrRENGER (E.). Mathematische Aufgaben aus den Reifepriifungen der 
wiirtembergischen Oberrealschulen. iter Teil. Leipzig, Quelle, 1908. 
8vo. 80 pp. M. 1.25 


VeEppER (O.). See Dieckmann (E.). 


Wi11z (H.). Mathematische Unterrichtsbriefe. Einfiihrung in die Grund- 
ziige der Elementar-Mathematik durch Selbstunterricht. (Unter Mitwir- 
kung-von bewihrten Fachgelehrten bearbeitet und herausgegeben.) 6ter 
Lehrbrief mit 6tem Wiederholungsbrief und Einleitungsbrief. Frank- 
furt a.M., Wolstein, 1908. 8vo. 29+ 7-+-18 pp. M. 3.00 


Wotrr (H.). Sitze und Aufgaben der Geometrie fiir Realanstalten, nach 
den preussischen Lehrplinen von 1901 zusammengestellt. Iter Teil. 
Pensum der Unterstufe (Quarta bis Untersekunda). Leipzig, ‘Teubner, 
1908. 8vo. 4+ 98 pp. M. 1.60 
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APPLIED MATHEMATICS. 

AnTHONY (W. A.). Lecture notes on the theory of electrical measurements. 
3rd edition, revised by A. Ball. New York, Wiley, 1908. 12mo. 
9+ 122 pp. Cloth. $1.00 

Batt (A.). See ANrHony (W. A.). 

BLONDIN (J.) See Poincare (H.). 


Brown (E. W.). The inequalities in the motion of the moon due to the 
direct action of the planets ; Adams prize essay, Cniversity of Cambridge, 


1907. New York, Putnam, 1908. 4te. 92 pp. Cloth. $2.00 
Dretscu (C.). Leitfaden der darstellenden Geometrie. 5te Auflage. Leip- 
zig, Deichert, 1909. Svo. 4-+ 159pp. M. 2.20 


Enric (G.). Geometrie fiir Baugewerkenschulen und verwandte technische 
und gewerbliche Lehranstalten mit besonderer Beriicksichtigung der 
praktischen Anwendungen. ler Teil: Geometrie der Ebene. 2te, ver- 
mehrte und verbesserte Auflage. Leipzig, Leineweber, 1909. 8vo. 


8+ 138 pp. Cloth. M. 2.40 
(W.).  Festigkeitslehre. (Sammlung Gdschen, 288). Leipzig, 
Gischen, 1908. 8vo. 127 pp. M. 0.80 


Hororr (L.). See Keck (W.). 


JAcoBsEN (J.H.). Calcul électrique et mécanique de distributions d’ énergie. 
Paris, Yauteur, 23 Rue Baudin, 1908. 8vo. 40 pp. Fr. 2.25 


Jounson (L. J.). Statics by algebraic and graphic methods; intended 
primarily for students of engineering and architecture. 2nd edition, 
revised and enlarged. New York, Wiley, 1908. 8vo. 11 ale PP. 
Cloth. 2.00 


Keck (W.). Vortrige iiber Mechanik als Grundlage fiir das Bau- und 
Maschinenwesen. 2er Teil: Mechanik elastisch-fester und fiiissiger 
Kérper. 3te Auflage, bearbeitet von L. Hotopp. Hannover, Helwing, 
1909. Svo. 12+ 384 pp. M. 13.50 


MoreswortH (G. L.and H. B.). Pocket book of useful formulae and mem- 
oranda for civil, mechanical and electrical engineers. 26th esas: 7 
vised and enlarged. London, Spon, 1908. 18mo. Cloth. 


Perry (J.). Angewandte Mechanik. Ein Lehrbuch fiir Studierende, die 
Versuche anstellen und numerische und graphische Beispiele durcharbei- 
ten wollen. Berechtigte deutsche Uebersetzung von R. Schick. Leipzig, 
Teubner, 1908. Svo. 6+ 666 pp. Cloth. M 18.00 


Scuick (R.). See Perry (J.). 


PorncarE (H.). Thermodynamique. Rédaction de J. Blondin. 2e édi- 
tion, revue et corrigée. Paris, Gauthier-Villars, 1908. 8vo. 19 + 459 
pp- Fr. 16.00 


Preini (C.). Graphical determination of earth slopes, retaining walls, 
and dams. New York, Van Nostrand, 1908. 8vo. 9-+-129 pp. Cloth. 
$2.00 


Rusr (A.). Ex-meridian altitude, azimuth and star-finding tables. New 
York, Wiley, 1908. 8vo. 51-+393 pp. Cloth. $5.00 
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Sécve a (R.). Eléments de résistance des matériaux appliquée au béton 
armé. Paris, Béranger, 1908. 8vo. 130 pp. 


SPANGLER (H. W.). Notes on thermodynamics. Part 1. 4th edition, re- 
vised. New York, Wiley, 1908. 12mo. 7+-75 pp. Cloth. $1.00 


TimerpinG (H. E.). Geometrie der Krafte. (B. G. Teubner’s Sammlung 
Vol. I.) Leipzig, Teubner, 1908. 8vo. 12+ 381 pp. Cloth. M. 16.00 


Wirz (A.). Thermodynamique 41’ usage des ingénieurs. 3e édition. Paris, 
Gauthier-Villars, 1908. 16mo. 180 pp. 


Woops (R. J.). Strength and elasticity of structural members. 2d edition. 
New York, Longmans, 1908. 8vo. 11+ 315 pp. Cloth. $3.50 
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